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FOREWORD 


A great deal of work has been and is now being done 
throughout the world on the subject of encephalitis. It seemed 
worth while for someone to collect and tabulate this work 
so that the collection would be available to all who are inter- 
ested. This idea so appealed to William J. Matheson that he 
generously undertook to make it possible. A Commission was 
appointed which would represent the laboratory, clinical and 
epidemiological viewpoints. The actual detailed work has been 
carried out by Dr. Josephine B. Neal, whose long experience 
in this and allied fields has preéminently fitted her for the 

_ position. 

At Mr. Matheson’s suggestion the Commission is continuing 
this work on encephalitis and has undertaken a number of 
studies of the causes, treatment and end result of this condi- 
tion. Results of these studies will be published from time 
to time. 

The Commission desires to express publicly its deep 
appreciation of Mr. Matheson’s generous support and his 
vety active interest and advice. His experience in chemical 
reseatch and his active imagination have made his advice and 
constructive criticism of great value. 


WILLIAM DarRACcH, M.D. 
Chairman 
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INTRODUCTION 


The word “‘survey’” is used with such widely different 
meanings that it is necessary to explain briefly what we have 
tried to do in this Survey and the manner in which we have 
worked. Our object has been to collect and, so far as pos- 
sible, to correlate the work done on the etiology and treat- 
ment of epidemic encephalitis and to bring together the data 
available on its epidemiology. To this end a bibliography has 
been prepared, the references being collected from the Index 
Medicus, the Quarterly Cumulative Index, the Catalogue of 
the Surgeon General’s Library and the bibliographies of the 
more important publications. 

A fairly large number of references to closely allied subjects, 
-such as post-vaccinal encephalitis, herpes virus, and sponta- 
neous encephalitis in rabbits, has been included. 

In spite of an earnest effort to make the bibliography com- 
plete and accurate, it is certain that there are some omissions 
and some errors. Not all articles are listed in the different 
indices consulted, and articles with other titles may contain 
more or less data on epidemic encephalitis. The human 
equation makes it impossible to avoid certain minor errors 
in copying and transcribing references. 

The references contained in the bibliography have been 
abstracted, with the exception of a few that were not available. 
The abstracts have been prepared with the intention of 
presenting in detail work on etiology, treatment and ept- 
demioiogy. Material on the clinical aspects, pathology, etc., 
has been referred to briefly, so that anyone reading the 
abstracts would be able to learn the scope of the articles and 
could, therefore, consult the original papers for the material 
he wished to find. 

In preparing the bibliography and in making the abstracts 
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we wish to acknowledge our indebtedness to the Bibliograph- 
ical Department of the New York Academy of Medicine. The 
vety helpful codperation of the members of this department 
has been invaluable to us. 

In addition to this study of the literature, a fairly wide 
correspondence has been established with workers on epidemic 
encephalitis in various parts of the world. Through this corre- 
spondence valuable data have been received, often collected 
with no little trouble by those to whom we have written. We 
wish to thank those who have so generously helped us in our 
work. 

Personal interviews have also been held with various 
workers, both in this country and abroad. Practically all the 
subjects taken up in these interviews are included in the 
abstracts of articles written by those with whom we have 
talked. With a view to establishing contact with physicians 
abroad, a short visit was made to England, The Hague, Brus- 
sels and Paris in the spring of 1928. 

In London various hospitals and institutions were visited: 
the Northern Hospital, Winchmore Hill; the Hither Green 
Hospital; Middlesex Hospital; National Hospital for Diseases 
of the Nervous System; Western Hospital; Lister Institute; 
the National Research Council; and various offices of the 
Ministry of Health. 

A visit was made to Sheffield, where Dr. Arthur J. Hall 
devoted a great deal of time to presenting patients who had 
suffered from epidemic encephalitis in the Sheffield outbreaks, 
both patients who were attending his clinic and those who 
were at the hospital for mental diseases at Wadsley. The 
experimental work done at the Sheffield Medical School was 
explained by Dr. Douglas, and very beautiful pathological 
Preparations were shown by Dr. Eaves. 
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Owing to the lack of fresh clinical material, no active work 
on the etiology of epidemic encephalitis was being carried on 
in England in the spring of 1928. The various physicians 
who had been interested in this subject were generous in 
giving time for discussions. To Sir Charles Martin and Dr. 
Ledingham of the Lister Institute, Dr. Perdrau, Dr. McIntosh, 
Dr. McCartney, Dr. Parsons, Dr. MacNalty, Dr. Borthwick, 
Dr. Greenfield, Dr. Roques, Dr. Rolleston and others, we are 
indebted for many courtesies and much help. Dr. Perdrau 
and Dr. McIntosh showed excellent pathological specimens 
of epidemic encephalitis and post-vaccinal encephalitis and 
discussed their experimental work on these diseases. 

At The Hague, Dr. Bastiaanse gave an excellent demon- 
stration of the lesions in post-vaccinal encephalitis, and Dr. 
Terburgh and Dr. Jitta furnished valuable data on the in- 
cidence of epidemic encephalitis in Holland. 

In Brussels, Dr. Bessemans and Dr. Van Boeckel gave very 
generously of their time to a discussion of epidemic encepha- 
litis and allied conditions, and also furnished valuable data. 
At the Pasteur Institute at Brussels, Dr. Bordet and Dr. Le 
Févre de Arric discussed the work that had been done there. 

In Paris, considerable time was spent at the Pasteur Insti- 
tute, where Dr. Levaditi was beginning new researches, with 
funds furnished by Dr. Matheson, along the lines on which 
he has worked for several years. Dr. Levaditi exhibited beau- 
tiful preparations of experimental encephalitis in rabbits and 
monkeys, and also of spontaneous encephalitis in rabbits. 
Patients with epidemic encephalitis treated by Dr. Levaditi’s 
vaccine were shown at the Hdpital Cochin by Dr. Levaditt 
and Dr. Fournier. Interviews were also held with Dr. Roux, 
Dr. Martin, Dr. Calmette, Dr. Besredka, Dr. Pettit and Dr. 
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The Hopital de la Salpétriére was also visited, where there 
were many patients in the chronic stage of epidemic encepha- 
litis, Dr. Guillain and Dr. Bertrand were interviewed and 
also Dr. de Jong of Amsterdam, who was at the hospital at 
the same time. 

A visit was made to the Hopital des Enfants-Malades, 
where Dr. Nobecourt was attending physician. 

At Dr. Matheson’s suggestion, a conference was held at the 
Medical Center in New York, at which Dr. E. C. Rosenow 
presented his work. At the conference were the members of 
the Commission and also Dr. Jobling, Dr. Homer Swift, Dr. 
Dochez, Dr. Peter Olitsky and Dr. Tallman. 

Dr. Rosenow read in part from his paper: “Localization 
in Animals of Streptococci from Cases of Epidemic Hiccup, 
Encephalitis, Spasmodic Torticollis and Chorea,” published in 
the Archives of Neurology and Psychiatry, 19: 424, 1928, and 
also presented some new and unpublished work on polio- 
myelitis. His lecture was illustrated by lantern slides and 
moving pictures and at the close he exhibited rabbits inocu- 
lated the previous day with naso-pharyngeal secretions of cases 
of encephalitis and poliomyelitis. He also showed under the 
microscope preparations of cultures and smears of spinal 
fluids. | 

Following the lecture and demonstrations, there was a dis- 
cussion by the members of the Commission and the physicians 
who had accepted Dr. Darrach’s invitation to be present. 

In order to investigate further the comparative merits of 
the filtrable viruses and the cultivable bacteria as the etiologic 
agents of epidemic encephalitis, Dr. Matheson persuaded Dr. 
Levaditi to visit Dr. Rosenow’s laboratory to study his work 
and methods. Dr. Levaditi will carry on experiments, as a 
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result of this visit, the reports of which will not be available 
for some time. 

Dr. Charles R. Stockard, who, in connection with his re- 
search work, has a kennel for dogs under expert observation 
and conducted along highly scientific lines, has noted in dogs 
suffering from different intestinal parasites certain manifesta- 
tions of disturbances of the central nervous system. Assisted 
by a grant from Dr. Matheson, Dr. Stockard is making a 
careful investigation of the cause and nature of these neu- 
rological manifestations to learn whether or not they may 
have a bearing on any form of encephalitis in man. 

The bibliography has been prepared by Jean N. Baker, the 
chapter on epidemiology by Dr. Helen Harrington, and the 
chapters on post-vaccinal encephalitis, etiology and treatment 
by Dr. Josephine B. Neal: In preparing the chapters on 
epidemiology, post-vaccinal encephalitis and etiology, it has 
been our aim to present an unbiased summary of the con- 
tributions of the different authors. No attempt has been made 
to criticize the work or to draw conclusions designed to ex- 
press our Own opinions. 

All the members of the Commission have given most gener- 
ously of their time in connection with the making of the 
Survey and the preparation of the monograph. Dr. Emerson 
has made many valuable suggestions in regard to the scope 
and the details of the work on epidemiology. The chapters 
on post-vaccinal encephalitis and etiology were submitted to 
Dr. Park and to Dr. Gay, whose knowledge of these subjects 
enabled them to give helpful suggestions and advice. The 
chapter on treatment was thoroughly discussed with Dr. 
Tilney. The wide experience that Dr. Tilney has had in 
treating patients with epidemic encephalitis has made his 
estimations of the various therapeutic measures of great value. 
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Chapter I 


SUMMARY OF INVESTIGATIONS ON THE ETIOLOGY 
OF EPIDEMIC ENCEPHALITIS 


EARLY THEORIES OF EPIDEMIC ENCEPHALITIS 


The difficulties in diagnosing epidemic encephalitis, espe- 

cially great before its establishment as a definite clinical entity, — 
quite naturally led to its confusion at first with other diseases. 
Much valuable work in clarifying this situation was done by 
the Ministry of Health in London (5). The earliest cases of 
the disease described in England were observed by Dr. Arthur 
J. Hall (H 22) and Dr. Wilfred Harris (H 74). Dr. Harris 
called attention to certain points of similarity in his cases to 
the clinical picture of “botulism.” In consequence of this, 
the Medical Research Committee undertook at once a complete 
bacteriological investigation, in codperation with medical prac- 
titioners and medical officers of health. The study included 
not only a consideration of “‘botulism’’; it also covered the 
question of infection or poisoning from food stuffs—including 
the absence from the food of some essential element—or toxic 
agents, such as benzene used in the manufacture of oleomar- 
garine, and solanin (an alkaloidal glucoside) in undue concen- 
tration in potatoes; also researches upon lathyrism, as well as 
upon pellagra, beriberi and other “deficiency diseases.” 

The results of the inquiry are summarized as follows: 

“First, on the bacteriological side, Dr. McIntosh, of the 
London Hospital, who was appointed to carry out the in- 
vestigation on behalf of the Medical Research Committee, 
failed entirely to recover the Bacillus botulinus from tissues 
and fluids of fatal cases and from articles of food which 
had been regarded with suspicion; he failed also to obtain 
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evidence that serum from recovered patients agglutinated this 
bacillus or protected mice from the effects of its toxin; and 
he found microscopical evidence of changes in the nervous 
system which pointed to an acute infective disease, rather than 
to an intoxication. Secondly, on the epidemiological side the 
enquiries by Drs. Hancock and Pearse showed that among 
the 58 cases investigated up to May 7th there was no instance 
of more than one case in a household, that many of the 
patients had not eaten any food which might reasonably be 
regarded with suspicion; that in instances in which patients 
had eaten such foods it was almost invariably without ill 
effect; and finally, that in at least two cases the patients 
attacked were infants exclusively breast-fed.” 

This investigation seems to disprove quite definitely the 
possibility of epidemic encephalitis being caused by infection 
or poisoning from foods. But in spite of this, Veillard (V 
4la) in 1923, Bouquet (B 318) and Séval (S 157-S 159) 
in 1927 and 1928 advanced the theory that encephalitis is 
caused by’ poisoning with small amounts of hydrocyanic acid 
in flour containing French beans, or by poisoning with the 
chick-pea (lathyrism), or that it is a condition due to the use 
of polished rice (beriberi) or corn (pellagra). Séval goes on 
to say that an intercurrent febrile infection releases the toxin 
of the ingested food stuffs. 

The spread of the disease to so many nations with such 
varying dietary habits speaks strongly against such a theory. 

Another early theory advanced was that these cases might 
be more or less unusual forms of acute poliomyelitis. An 
investigation of this possibility was therefore undertaken by 
the Ministry of Health (5). Professor G. Marinesco made 
a histological study of specimens from fatal cases, and Dr. 
McIntosh carried out both histological studies and inoculation 
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of animals. Their researches supported the clinical and epi- 
demiological evidence that the two diseases were not identical. 
To quote from the report: “As a result of their separate 
researches both Professor Marinesco and Dr. McIntosh arrived 
independently at the conclusion that encephalitis lethargica, 
as it appeared in the present outbreak, is identical with the 
illness described by von Economo in Austria and Professor 
Netter in France, and that it is a disease sui generis, anatom- 
ically and clinically distinct from analagous affections.” 

Certain points of difference between poliomyelitis and epi- 
demic encephalitis are brought out by Tilney and Howe (T 
60), who conclude the comparison with the following para- 
graph: 

“Possibly the greatest difference between the two conditions 
is in the nature of the action of the virus on the nerve ele- 
ments. In poliomyelitis there is a sudden, sharp attack which 
develops rapidly and in a few days attains the maximum of 
severity, quickly producing the greatest extent of destruction. 
In epidemic encephalitis the onset is frequently very gradual 
and the progress of the disease slow, in some instances fe- 
quiring several months to reach its greatest severity, and even 
then the findings have a tendency to variability, being subject 
to exacerbations and remissions.” 

A most important point in proving that epidemic encepha- 
litis is not a form of poliomyelitis was made by Amoss (A 
100), who showed that serum from convalescent cases of 
epidemic encephalitis had no immunizing power for polio- 
myelitis virus. 

A brief summary of the points of difference of these two 
diseases follows: Poliomyelitis is an acute disease, attacking 
young children chiefly. Its greatest prevalence is usually in 
hot weather. It can be transmitted to monkeys with a fair 
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‘ 
degree of ease. Epidemic encephalitis is essentially a chronic 
disease, attacking people of all ages. Its greatest prevalence 
is usually in the winter months. Most attempts to transmit 
it to animals have resulted in failure. The two diseases differ 
histologically, especially in the localization of the lesions. 
Serum from convalescent cases of epidemic encephalitis has 
no immunizing power for poliomyelitis virus. 

At the present time, certainly, the great majority of physt- 
cians believe that these diseases are separate clinical entities. 
But it is quite possible that in the future the classification of 
poliomyelitis may need to be revised and that certain rare 
cases, previously diagnosed as the encephalitic type of polio- 
myelitis, may be considered cases of epidemic encephalitis. 

While this opinion is held by most physicians, there is a 
group who hold a different theory. One of the ablest ex- 
ponents of the latter is Crookshank (C 282), who wrote: 
“The synthetic view, then, is that encephalitis lethargica 
represents a nervous form of influenza that tends to occur in 
older, and epidemic poliomyelitis a like form that is more 
frequent in younger patients.” This certainly connotes in his 
opinion a close relationship, not only between poliomyelitis 
and epidemic encephalitis, but also between epidemic encepha- 
litis and influenza. 

The question of the possible relationship of epidemic 
encephalitis and influenza has been widely discussed, and 
diametrically opposite opinions are held by qualified investi- 
gators. For example, monographs on influenza have been 
prepared by Crookshank and by Jordan. 

Crookshank (C 282a), reinforcing his opinion with a 
wealth of historical references, concluded: 

“(1) Clinical occurrences of the nature that we now ascribe 
to forms of encephalo-myelitis, or meningo-encephalomyelitis, 
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have been recorded in modern times for at least 450 years. (2) 
In great part these occurrences have been noted as incidental 
to major prevalences, known historically as the sweating sick- 
nesses, the epidemic catarrhs, influenzas and the like. (3) 
Special prevalences of these occurrences have also been de- 
scribed as manifestations of special diseases. These special 
prevalences have usually appeared shortly before or shortly 
after major ‘influenzal’ epidemics, or else in geographical 
proximity to endemic-epidemic and endemic influenza! preva- 
lences. (4) Epidemic meningo-encephalomyelitis represents 
an intensive and specialized reaction that has the same epi- 
demiological relation to pandemic influenza as have the preva- 
lences and epidemics of ‘septic’ pneumonia, of gastro-intestinal 
illness, and of other maladies described as occurring before 
and after the wide diffusions generally referred to as pandemic 
influenza. (5) Owing to the relative infrequency of epidemic 
encephalomyelitis and its marked variation in type, historical 
iMvestigation is necessary in order that contemporary occur- 
rences be viewed in a correct perspective.” 

On the other hand, Jordan (J 58a), after a careful epi- 
demiological study of the two diseases, was not impressed 
either with their time relationship in different outbreaks dur- 
ing the past ten or twelve years, or with the possibility of 
identifying the disease we now call epidemic encephalitis with 
the clinical description of eidemics of disease of the nervous 
system occurting many years ago. He summarized his opin- 
ions as follows: 

“1. It does not seem possible to identify surely the present 
pandemic of encephalitis with nervous disorders accompanying 
or following the historical pandemics of influenza. In point 
of fact, no unusual prevalence of encephalitis appears to have 
been noted in the United States or in northern Europe during 
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the influenza pandemic of 1889-1890, and the form of en- 
cephalitis that was occasionally observed seems to have been 
different clinically and anatomically from the present epidemic 
disease. 2. The epidemics of encephalitis in the United States 
from 1918-1923 showed in some places a certain corre- 
spondence with the recurrent waves of influenza, but it is at 
least doubtful whether this means anything more than that 
both diseases were introduced about the same time and that 
both thrive commonly though not exclusively in cold weather. 
As set forth above, a detailed comparison of the reported 
cases of the two diseases in New York and Chicago does not 
strengthen the hypothesis of a genuine relationship. The same 
lack of correspondence has occurred in Great Britain, Portugal 
and other European localities. 3. Until a coincidence or close 
sequence of the two diseases has been more convincingly 
demonstrated, it seems premature to discuss the existence of 
a ‘neurotropic’ influenza virus or to speculate on the ‘activa- 
tion,’ of an encephalitic virus by an influenza virus, or on the 
nature of the encephalitic component of a ‘complex grippe 
virus. 4. A coincidence in prevalence does not prove a com- 
mon cause. Even should a close time correspondence be estab- 
lished, it would not follow that the relation was other than 
an increased susceptibility to one infection produced by another 
unrelated infection.” 

Crookshank (C 282) referred to the work of Tarozzi and 
Rosenow in confirming his conception of the relationship of 
influenza and encephalitis. Rosenow’s work, which will be 
described in detail later, would indicate a close relationship 
in influenza, poliomyelitis and epidemic encephalitis, since in 
all three diseases he claims that green-producing streptococci, 
with very similar serological reactions, are the causative agents. 
It may be stated that Rosenow (R 254) emphasizes the finding 
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of the streptococcus in the lesions in the brains of fatal cases, 
thereby implying, at least, that the actual invasion of the brain 
is the cause of the disease, though in a later article (R 257) 
he stated that the specific localizing power of the streptococcus 
is in part dependent on a toxin or poison. Tarozzi (T 12), 
on the other hand, attributed the histological changes in the 
central nervous system to the local action of a circulating toxin 
produced by diplostreptococci, which cause an inflammation 
in the respiratory tract. He further claimed that histological 
changes similar to those in epidemic encephalitis may be 
produced experimentally in rabbits by the subdural, intra- 
peritoneal or intravenous injection of live culture, killed cul- 
ture, or toxin of diplostreptococci from acute broncho-pneu- 
monia of the influenzal type. 

Hall (H 29a) pointed out that whereas influenza is highly 
contagious and has, in time of epidemics, a high morbidity 
rate, epidemic encephalitis is exactly the reverse in these two 
details. He also commented on their lack of resemblance 
clinically and in the number and severity of their residua. 

The question of their identity or close relationship is 
further complicated by the fact that influenza undoubtedly has 
a toxic effect on various parts of the central nervous system. 
Jelliffe described these effects in detail in a chapter in Crook- 
shank’s ‘“‘Influenza.’’ But he said: ‘‘Cerebral involvements in 
influenza have been noted from the earliest times. Mild in- 
volvements are frequent, severe ones comparatively rare.” 
However, it is rather generally conceded that influenza, like 
measles and other acute infections, may be followed occa- 
sionally by encephalitis. While Tarozzi and others claim that 
there is no histological difference between epidemic encepha- 
litis and influenzal encephalitis, Striimpell (S 389), whose ex- 
petience includes the epidemic of influenza in 1889-92 and 
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also the recent outbreak of influenza and epidemic encepha- 
litis, considers that epidemic encephalitis is distinct from in- 
fluenzal encephalitis. He stated that the characteristic his- 
tological picture of influenzal encephalitis is a circumscribed 
punctiform hemorrhagic encephalitis localized chiefly in one 
hemisphere, whereas in epidemic encephalitis the gross 
anatomical changes are minor, consisting in hyperemia and 
slight swelling. Gross (G 152) also stated that epidemic en- 
cephalitis is anatomically distinct from the cases of influenza 
encephalitis and grippe encephalitis described by Striimpell 
and Leichtenstein in the epidemic of 1889-90. 

MacNalty (M 23) stated that ‘“‘no reliable evidence in 
favour of the identity of influenza and epidemic encephalitis 
is forthcoming,” and he concluded that it is a distinct and 
separate disease. 

Flexner (F 71) is strongly of the opinion that epidemic 
encephalitis is an entirely distinct clinical entity with no direct 
relationship to influenza. He wrote: “Let it be recalled that 
the first cases of the disease (epidemic encephalitis) were 
observed in Europe in 1916 and 1917. Now, the epidemic 
of influenza which reached a peak in 1918-19 was already 
on the march in Europe as early as 1917, and probably earlier. 
An overlapping in time is therefore apparent. Could epidemic 
encephalitis be merely one manifestation, albeit a severe one, 
of epidemic influenza? That it is such a manifestation merely 
has been repeatedly asserted. The relationship has been as 
assiduously denied as upheld. What, then, are the evidences 
for epidemic encephalitis being a disease distinct from in- 
fluenza, or, as we say, a disease by itself ? 

“An argument could be based on the circumstance that 
while the two diseases overlapped in time, as in 1918-19, 
once the pandemic of influenza had passed, that of epidemic 
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encephalitis still continued. The height of the epidemic wave 
of epidemic encephalitis came several years after that of the 
influenza wave, as in England, for example, in 1924-25. The 
moment has not yet arrived at which to determine finally 
the etiologic relationship, if any, existing between influenza 
and encephalitis, and can scarcely come until our knowledge 
of their immediate sources or microbic incitants becomes 
definite. 

“Although we are denied the answer we seek by direct in- 
quity, we are offered it through a somewhat devious path. 
The pandemic of influenza of 1889-92, the one immediately 
preceding that of 1918-22, was to all intents and purposes as 
well studied clinically, pathologically, and bacteriologically as 
could be done now. In view of the state of development of 
scientific medicine in 1890, it is not to be doubted that, if 
large numbers of clinical cases corresponding to those we now 
call epidemic encephalitis had arisen, they would have been 
recognized and described. Their occurrence is indeed con- 
spicuous through absence, although other usually less severe 
and impressive instances of nervous complications of epidemic 
influenza are frequently described as constituting part of the 
influenzal disease of the nineties. We are therefore left in 
the position of dealing with epidemic encephalitis as a disease 
having its own particular origin or etiology.” 

It is apparent that the weight of opinion is against either 
the identity of influenza and epidemic encephalitis, or a direct 
relationship between the two diseases. 

Many authorities, however, consider favorably the possibility 
of some indirect relationship. Hall (H 29a) expressed him- 
self as of this opinion. Flexner (F 64) wrote: “Whether an 
attack of the first acts to predispose to an attack of the second 
in the manner of the predisposing effect of influenza on 
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bacterial affections of the respiratory tract, is another ques- 
tion awaiting close study.’ Kramer (K 114) is of the opinion 
that influenza is one of the factors, many of which are un- 
known, that are responsible for the epidemic spreading of the 
sporadic cases of encephalitis. Zinsser (Z 14a) wrote: 
‘Nevertheless, it must be borne in mind, especially in con- 
nection with the facts related below, that a great deal of 
evidence supports the view that the coincidence of influenza 
and encephalitis may be causally related, one disease rendering 
in some manner susceptible to the other.” 

Since the outbreak of epidemic encephalitis there has been 
more or less comment, especially by non-professional people, 
on the possible occurrence of a similar disease in animals. It 
may be of interest, therefore, to refer briefly to this subject. 

During the years that epidemic encephalitis has been preva- 
lent, accounts have been published of diseases in animals that 
have suggested more or less the clinical picture of epidemic 
encephalitis in man. 

Reports of such outbreaks, affecting dogs and cats in par- 
ticular and also horses and ferrets, were described by Parsons 
in 1922 (P 47a). Most of these were investigated and little 
evidence was collected to show that these diseases in animals 
had any connection with epidemic encephalitis, except a co- 
incidence of time. 

Donatien and Bosselut in 1922 (D 145) published an 
account of the outbreak of an acute infectious disease in cows 
in the region of Algiers. Calves, sheep, rabbits and guinea 
pigs were inoculated with emulsion of the spleen and bulb. 
All the animals except the sheep were affected. The disease 
was transmissible in series in the cow, rabbit and guinea pig. 
No organisms were demonstrable by culture. 

Pugh in 1926 (P 222) reported an outbreak of a disease 
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known as the nervous form of distemper in dogs. It was 
stated that both the clinical picture and the microscopic 
lesions in the brain strikingly resembled epidemic encephalitis. 
No experimental work was done. It was pointed out that 
distemper is now considered due to a filter-passing virus. 

Wright in 1927 (W 148) described the symptoms, lesions 
and bacteriology of canine meningo-encephalitis, sometimes 
called Fright’s disease. A short Gram-negative bacillus, grow- 
ing well on ordinary media, was isolated from the spinal 
fluid, spleen and liver of these dogs. This organism was 
pathogenic for dogs and guinea pigs, and was considered by 
the author to be the probable cause of the disease. Other 
workers have assumed that errors of diet or intestinal parasites 
were the cause. No connection with epidemic encephalitis 
was claimed by the author. 

A list of diseases considered due to filtrable viruses, pub- 
lished by Rivers (R 134a), shows a rather large proportion 
occurring in animals. Several of these affect the central 
nervous system. It is not surprising, therefore, that there occur 
in animals symptoms and pathologic lesions more or less 
resembling epidemic encephalitis in man, the latter being be- 
lieved by many to be caused by a filtrable virus. 

MacNalty in 1927 (M 23) gave a very complete account 
of epidemic nervous diseases in animals. 

A topic which belongs rather to the realm of pathology 
than to that of etiology, but which seems to deserve a brief 
consideration here, is that of the various “minute bodies,” or 
cellular inclusions. 

These were first described by Da Fano and Ingleby 
(D 11) in 1918-19, in the nerve cells of three cases. Later 
(1921) Da Fano (D 5) found them in the salivary glands, 
as. well as in the nerve cells, and suggested that they might 


12 ETIOLOGY 


represent a living agent, the cause of encephalitis, or that they 
might be products of degeneration, or even optical illusions. In 
1923 (D 7) he described similar forms in rabbits with experi- 
mental herpetic meningo-encephalitis. He considered them 
very similar to the “‘neurocorpuscles encephalitiques” described 
by Levaditi, Harvier and Nicolau (L 197). He went on to 
say that the smallest of these granular structures may be the 
virus itself, or particles of organic matter to which the virus 
clings. He also described similar bodies in the brain tissues 
of fatal cases in 1924 (D 8), working both alone and with 
Ingleby. A rather complete discussion of this subject is given 
by Levaditi (L 174) in 1922. 

Somewhat similar bodies were described by Volpino and 
Desderi (V 103) ; Volpino and Graziadei (V 104), who also 
described forms similar to, but not identical with, amylaceous 
bodies; Ottolenghi, d’Antona and Tonietti (O 46), in animals 
inoculated with their virus; Urechia (U 8); Shaw (S 164) ; 
Mittasch (M 320); Meleney (M 250), Guiraud in 1922 
(G 198) and 1923 (G 199); Lucksch (L 333), who stated 
that they are without significance, as they are found in brains 
of persons dying of other diseases; Joest (J 48), who pointed 
out their resemblance to inclusion bodies found in the gan- 
glion cells in rabies, chicken-pest, distemper of dogs, Borna’s 
disease in horses, and sheep encephalitis—all diseases due to a 
filtrable ultra virus; Omorokow (O 31); Modena (M 329); 
Goodpasture (G 101), who discussed the nuclear changes in 
the ganglion cells in experimental herpetic encephalitis ; 
Dechaume (D 54), who described the cell inclusions in the 
brain which he, and other workers, compared to Negri bodies, 
and, in his second article (D 56), mentioned somewhat dif- 
ferent cell inclusions in the liver and kidney; and Alberca- 
Lorente (A 74), in experimental encephalitis. Parker (P 40), 
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on the contrary, denied the existence of these intranuclear 
bodies in cases of human epidemic encephalitis and regarded it 
as an argument against the relationship between encephalitis 
and herpes. 

Rivers (R 134a) commented upon this subject as follows: 
“The ‘minute bodies’ discovered by Da Fano and Ingleby have 
proved rather puzzling. They were found in the cytoplasm of 
cells like lymphocytes and small neuroglial cells and also ex- 
tracellularly. They stain intensely with basic dyes and in the 
illustrations seem to be surrounded by halos. In herpetic en- 
cephalitis, Da Fano has observed bodies which he terms 
‘herpetic minute bodies.’ He concludes that these are the virus 
itself ‘or particles of organic matter to which the virus tena- 
ciously clings.’ Nicholson and I have been able in our own ex- 
periments (15) to identify the herpetic minute bodies and 
there is no question that in Giemsa preparations they have a 
suggestive organismal appearance. On bleaching the prepara- 
tions, however, it was found that they are merely small par- 
ticles of brownish pigment which resist the solvent action of 
strong hydrochloric acid. It is probable that the minute bodies 
in epidemic encephalitis are of the same nature but this cannot 
be asserted definitely until their solubility has been tested.” 

‘When we consider the many years that the nature of the 
Negri bodies (to which the inclusion bodies of epidemic en- 
cephalitis seem to bear some resemblance) have been discussed, 
without the question being solved, it is not surprising that the 
significance of these inclusion bodies remains an open ques- 
tion. 

The three most important theories in regard to the etiology 
of epidemic encephalitis are: (1) That it is a toxic disturbance 
of the central nervous system; (2) that it is caused by culti- 
vable bacteria; and (3) that it is caused by a filtrable virus. 
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The principal investigations along these three lines will be 
presented. 


Toxic DisrURBANCES OF THE CENTRAL NERVOUS SYSTEM 


The theory that epidemic encephalitis is a toxic disturbance 
of the central nervous system subdivides itself into two possi- 
bilities: (a) That the toxins are due to bacteria located possi- 
bly in the gastro-intestinal or the respiratory tract; and (b) 
that the toxins are elaborated as the result of metabolic dis- 
turbances. This theory is developed partly from positive, partly 
from negative, lines of reasoning. It is well known that very 
similar clinical and pathologic pictures may be produced by 
the action on the brain of certain toxins of bacterial origin, 
such as those of typhus and B. botulinus, and by chemical 
poisons, such as lead. A toxic origin of the disease would fit 
in very well with the large percentage of negative results ob- 
tained in attempts to discover the etiologic agent by cultural 
methods or by animal experimentation. 

Against this theory is the manner in which the disease ap- 
peared rather suddenly, spread in increasing numbers from 
place to place, often with recurring waves, and has since sub- 
sided, this strongly suggesting that it is of an epidemic nature. 
In its epidemiologic manifestations it bears a strong resem- 
blence to poliomyelitis and to meningococcic meningitis. 
Therefore, if one assumes that it is of a toxic nature, one is 
forced to hypothesize some infectious disease that was preva- 
lent in different parts of the world for some time and has since 
subsided. It is, moreover, a little difficult to conceive of a 
focal infection in the respiratory or gastro-intestinal tract per- 
sisting for so many years and elaborating toxins that so pro- 
foundly affect the central nervous system without giving more 
generally recognized local signs in the infected areas. 
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Martin (M 145), in 1918 was perhaps the first to suggest 
that a toxin elaborated by organisms in the nasopharynx might | 
slowly localize in the central nervous system, producing the 
lesions observed, and that, therefore, the etiologic agents 
should be looked for in the nasopharynx. He called attention 
to Sainton’s (S 22) observations that there frequently occurred 
in the pharynx of patients suffering from epidemic encepha- 
litis, ulcerative lesions similar to those found in grippe. 

Tarozzi (I 12), who has already been cited as believing 
that epidemic encephalitis cannot be distinguished from the 
encephalitis that may accompany influenza, stated that in epi- 
demic encephalitis he found the same alterations in the respira- 
tory tract that are found in broncho-pneumonia of in- 
fluenzal type, and expressed the opinion that the histological 
alterations of the central nervous system are presumably to 
be attributed to the local action of circulatory toxins pro- 
duced by diplo-streptococci, which cause inflammation of the 
respiratory tract. He further stated that histological changes 
similar to those observed in epidemic encephalitis can be 
produced experimentally in rabbits by injecting subdurally 
(and in some cases intraperitoneally or into the jugular vein 
or carotid artery) live cultures, killed cultures, or toxins of a 
diplo-streptococcus from acute broncho-pneumonia types of 
influenza. 

Yates and Barnes (Y 4), although apparently believing that 
the cause of epidemic encephalitis is a filter-passing organism, 
advanced a hypothesis that would also fit in with the theory 
of a toxin. They found in most of their cases of epidemic en- 
cephalitis evidence of sinus involyment which they thought 
increased the permeability of the mucous membrane to toxins, 
or to the virus of epidemic encephalitis, and was an impor- 
tant factor in the development of the disease. 


16 ETIOLOGY 


Beck (B 97) stated that a large number of diseases of the 
nervous system are due to the selective action of toxins on 
neurones. Rosenow has shown the neurotropic action of a 
steptococcus in his experimental study of epidemic enceph- 
alitis. In patients with residual encephalitis there are usually 
glaring foci of infection. It seems reasonable to believe 
that the original neurotropic organism has found refuge in 
these foci. 

Salzman (S 40-S 41), in two articles, advanced the opinion 
that epidemic encephalitis is not an infectious and epidemic 
disease, but rather that it is of toxic origin, the toxins, with a 
selective action on the central nervous system, being elaborated 
in some focus of infection in the body, among these the gall 
bladder. He referred to six cases with gall bladder involv- 
ment, which were operated on with subsequent recovery. All 
cultures from the gall bladder were sterile. 

These are the principal references to toxins of bacterial 
origin as the etiologic factor in epidemic encephaltis. It 1s, 
however, not possible to separate clearly the theories of bac- 
terial toxins and toxins arising from metabolic disturbances, 
since in the production and effects of metabolic disturbances 
bacterial infections may play a more or less prominent part. 

Buscaino (B 441) advanced the theory that the post-en- 
cephalitic amyostatic syrtdrome is a degenerative lesion of the 
central nervous system due to the presence in the circulation 
of special toxic substances, particularly aromatic amines due 
to hepatic lesions, which, he stated, are the rule in the evolu- 
tion of this disease. He was uncertain as to whether or not it 
is a question of specific bacterial action. In a later article 
(B 442) he reiterated this opinion and added that lesions in 
the intestinal barrier also may play a part in the passage of 
these toxins into the circulation. In 1928 (B 443) he em- 
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phasized the réle of intestinal lesions in the development of 
the chronic stage of the disease, describing the necropsies of 
two patients with grave lesions of the intestines and pancreas. 
In this contribution he states that the most probable hypothesis 
is that at the time of the encephalitic infection, with localiza- 
tion in the mesencephalon and basal ganglia, lesions of the 
gastro-intestinal mucosa develop, varying according to the 
susceptibility of the patient. If these are not cured, they en- 
gender the post-encephalitic syndrome. 

Lewy and Tiefenbach (L 250) produced encephalitis in rab- 
bits by mixing manganese dioxide with their food. 

Fuchs (F 156) described the production of encephalitis in 
cats and dogs by the injection of guanidin. He referred to 
earlier experiments in which he showed that, under the in- 
fluence of pathogenic micro-organisms in the body, guanidin 
might be produced in pathological quantities. 

The same clinical and histological picture was produced by 
feeding meat to dogs after the production of Eck’s fistula. 
He stated that these experiments open the way to the under- 
standing of Wilson’s symptom complex, a chronic degenera- 
tive process in the liver parenchyma and degenerative proc- 
esses in the lenticular nucleus. 

Pollak (P 181) studied the histological picture in Fuchs’ 
experiments. 

Silberstein, working with Hoff and Orel (S 216, H 191, 
H 192, O 37, S 217), corroborated Fuchs’ experiments in 
developing encephalitis in dogs after the production of Eck’s 
fistula. They concluded, however, that the encephalitis was 
caused by a virus, probably rabies, in the nasopharynx of the 
dog, which was harmless until the metabolic disturbance in- 
jured the protective mechanism of the central nervous system. 

In articles by Stern and Meyer-Bisch in 1922 (S 338) and 
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by Meyer-Bisch and Stern in 1923 (M 291) it is stated that 
urobilinuria was found in cases of chronic, progressive epi- 
demic encephalitis, and also in certain cases in the acute stage. 
They also found a marked disturbance of carbohydrate metabo- 
lism. They do not believe that the lesions in the liver are 
the result of the lesions in the central nervous system, but 
rather a possible factor in the development of these lesions 
of the central nervous system. They cite for purposes of com- 
parison Wilson’s disease, the cerebral changes in acute yellow 
atrophy of the liver, and Fuchs’ experiments with Eck’s fis- 
tula in dogs. They also state that poisons which affect the brain 
through the blood stream, such as carbon monoxide, man- 
ganese, and hydrocyanic acid, elect the lenticular nucleus, 
while local infectious diseases do not show this elective habit. 

Gottschalk and von Hoesslin (G 113) carried out liver 
function tests in seven patients with chronic epidemic en- 
cephalitis. They found that there was no recognizable dis- 
turbance of carbohydrate metabolism. The urobilin reaction 
was weakly positive in two instances. 

Mercio (M 264) obtained negative ein in certain liver 
function tests in chronic cases of epidemic encephalitis, and 
concluded that there was no evidence of correlation between 
the lesions of the liver and those of the corpus striatum. 

Ceconi (C 76) suggested that probably the factors of the 
production of the amyostatic syndrome, whether they are in- 
fectious, toxic, or a combination of the two, are not depend- 
ent for their origin on the liver nor on the nervous system, 
but that they act at the same time on both the liver and the 
central nervous system. 

Runge and Hagemann (R 301) found a pathological liver 
function in twenty cases of epidemic encephalitis. They 
concluded, in agreement with Meyer-Bisch and Stern, that the 
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significance of these disturbances of liver function and their 
relation to cerebral disease is not determined. They raised 
the question as to whether the injury to the liver makes pos- 
sible the penetration of toxins into the brain with an elective 
action on the stem ganglia. 

Pedrinoni (P 66) cited Ottonello (O 50) (this reference 
was not available for our use), who reported no change in the 
liver aside from a slight increase or decrease in the area. The 
cases studied by Pedrinoni showed a disturbance in liver func- 
tion in the majority of instances. 

Bolsi (B 273) reported a case of fatty degeneration of the 
liver and expressed the opinion that the disturbances of the 
liver function and those of the central nervous system are pro- 
duced by the same toxic agent. 

O'Flynn and Critchley (O 18) were unable to find any clini- 
cal, histological or biological evidence to suggest a hepatic dis- 
turbance after epidemic encephalitis. 

Good (G 97) advanced the opinion that the prolonged 
mental strain of the disease so weakens the resistive power of 
the nerve cells that, on the invasion of the blood stream by 
toxins, these cells are most affected. 

Graziani (G 125) found no case of marked insufficiency 
of the liver and only three cases of mild involvement. He 
stated that the hepatic changes cannot be regarded as causal 
factors of the encephalitis, but are rather results of it. 

Audo-Gianotti (A 156) concluded that in every case of the 
Parkinsonian syndrome of epidemic encephalitis there is a 
certain degree of insufficiency of the liver which increases with 
the progress of the disease. This functional liver insufficiency 
probably finds its cause in a “rigidity” of the hepatic cells, 
following lesions of the vegetative nervous system. This in- 
sufficiency of the liver, therefore, has no importance in the 
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etiology of the disease itself, and must be clearly differentiated 
from the condition found in Wilson’s disease. 


Seletzky (S 146) believed that Wilson’s disease is chronic 
disseminated encephalitis (following acute epidemic enceph- 
alitis) . 

Considerable work has been done in studying the disturb- 
ances in metabolism and in the vegetative nervous system of 
patients suffering from epidemic encephalitis, especially in the 
chronic stage, from which the authors have not tried to draw 
conclusions as to whether these disturbances were the result, 
or the possible cause, of the disease, or as to their bearings on 
the question of its toxic origin. It seems worth while, how- 
ever, to refer briefly to the most important of these studies. 
Their bearing on the question of etiology is indirect, but they 


are of sufficient general interest to warrant a short discus- 
sion. 


Hess and Goldstein (H 164) found in chronic encephalitis 
a reduction in the white blood cells in the peripheral circula- 
tion, after intravenous injection of quinine, due, they believed, 
to a deficiency in the liver veins rather than to an alteration 
of the liver cells. They also studied the results of the adminis- 
tration of adrenalin, atropin and pilocarpin, as revealed in dis- 
turbances of innervation in Parkinsonism. They found mod- 
erate, but constant, reduction of blood cholesterol. 


Kasanin and Grabfield (K 17) concluded that there is a 
fundamental disturbance of the sugar metabolism in this dis- 
ease, and that the high spinal fluid sugar often described is 
probably associated with the high blood sugar. 

Tkatschew and Axenow (T 72) reported a disturbance of 
sugar metabolism in chronic epidemic encephalitis. They at- 
tributed the disturbance of the power of assimilation of the 
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liver to an affection of the central regulating mechanism, prob- 
ably of the mid-brain. 

_ McCowan, Harris and Mann (M 211) stated that an in- 
creased blood and spinal fluid sugar may occur in chronic epi- 
demic encephalitis, but that it is not necessarily characteristic 
of it, nor does it have disgnostic value. However, there is a 
definite derangement of carbohydrate metabolism. 

The same authors (M 210) commented on the difference 
in the effects of hyoscine on normal persons, and on patients 
in the chronic stage of epidemic encephalitis. In normal per- 
sons there was a dulling of the senses of coérdination, and a 
depression of the glycogenic function. In patients with Park- 
insonism there was improvement clinically and in the blood 
sugar curve. Other chronic cases of epidemic encephalitis did 
not show this improvement. 

Wollheim (W 133) studied and compared the blood sugar 
in both hyperkinetic and akinetic types of epidemic encepha- 
litis. He believed that the origin of the change was in the 
central function of the vegetative system. 

Raphael, Searle and Ferguson (R 16) compared the car- 
bohydrate tolerance of cases of chronic epidemic encephalitis 
with the amyostatic syndrome, with other patients presenting 
non-infectious striate disorders. They found a certain resem- 
blance between these two types of cases, as well as to 
schizophrenia. 

Naccarati (N 3) studied the basal metabolism in forty- 
seven patients in the chronic stage of epidemic encephalitis. 
In twenty-eight cases (60 percent) there was a departure from 
the normal, twenty-five showing an increase in the metabolic 
rate, and three a decrease. He attributed this alteration to 
lesions in the vegetative centers located in the gray substance 
around the third ventricle and the aqueduct of Sylvius. 
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Shoenemann (S 110) made functional tests of internal 
organs in chronic cases of epidemic encephalitis. He found 
no definite indication of disturbed liver function, and a nor- 
mal kidney function, but numerous disturbances of the vege- 
tative nervous system. 

An extensive study of the biochemistry of chronic epidemic 
encephalitis was published in six parts in the Zeétschrift fir 
die Gesamte Neurologie und Psychiatrie in 1926. The 
catalase-index was studied by Brailovsky, Tschalissov and Bér- 
lin (B 357); the blood calcium by Tschalissov (T 108) ; the 
tonus of the sympathetic nervous system by Solowjewa and 
Stschedrakov (S 255) ; the comparison of the sympathetic sys- 
tem in chronic epidemic encephalitis and in schizophrenia by 
Maslov (M 153); the blood chlorides by Asarch (A 138) ; 
and serum lipase by Brailovsky (B 356.) 

Hirst and Imrie (H 181) found a high uric acid output in 
severe cases of Parkinsonian rigidity. There was clinical im- 
provement and a decrease in the uric acid following the ad- 
ministration of tincture of belladonna and also of hyoscine. 

Holzer and Klein (H 219a) reported a case of chronic en- 
cephalitis with Parkinsonism showing various metabolic dis- 
turbances. They stated that the essential feature in the dis- 
turbance of the vegetative function seems to consist in a gen- 
eral torpidity of the sympathetic processes, and suggested the 
possibility that this is an endocrine disorder resembling 
myxedema. 

Ohmori (O 20) compared the liver function tests in Type 
A encephalitis (called in Japan winter-encephalitis and be- 
lieved to be identical with epidemic encephalitis), and Type 
B encephalitis (called in Japan summer-encephalitis and be- 
lieved by some to be a different disease). In Type A, dis- 
turbances of liver functions are frequently observed, while 
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in Type B they are usually absent or slight. The absence of 
symptoms of Parkinsonism in Type B is also noteworthy. The 
author does not definitely conclude, however, that a genetic 
separation of the two types is justified. 

It may be noted, in passing, that not all workers in the 
western hemisphere found evidence of disturbances of the 
liver function in the patients whom they studied. 

Schargorodsky and Scheimann published in 1927 and 1928 
three articles (S 84a, S 84b, S 85) on hepatic functioning and 
catabolism in chronic epidemic encephalitis. They concluded 
that patients with residual symptoms after epidemic encepha- 
litis show genuinely disturbed carbohydrate metabolism. 
Hyperglycemia prevailed among the groups affected by hyper- 
tonia, and hypoglycemia among the groups affected by 
hyperkinesia. Prolonged hyper- and hypo-glycemia indicate 
functional disturbances of the system which regulate the level 
of blood sugar. These systems include the cells of the liver and 
other tissues, as well as the central nervous system. 

The abnormally high nitrogen values should be attributed 
to increased albumin decomposition processes or to increased 
general acidosis. Oral administration of Witte-peptone re- 
sulted in increased amino acids, and indicated that the albumin 
products were irregularly digested by the liver and other 
organic cells. The indigo-carmine test showed pathological 
retardation of dye excretion, due, the authors concluded, to a 
diffuse hepatic dysfunction. An increased value of bilirubin 
was found in the serum and urobilin in the urine of patients 
with post-encephalitic residual phenomena. This was assumed 
to be the result of functional insufficiency of the hepatic cells. 

Various tests, used in studying the vegetative nervous sys- 
tem, yielded contradictory and unequal results, owing to the 
imperfect and incomplete technique of investigating this sys- 
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tem. The authors concluded that the sequelae referable to 
the vegetative nervous system are conditioned to a consider- 
able extent upon changes in the central nervous system and 
perhaps partially to disturbances of the peripheral (cerebro- 
spinal and sympathetic) nervous system or of the functioning 
organs proper, or to changes in the endocrine glands. 

The blood picture was also studied, without very conclusive 
findings. 

The renal function was tested and pathological retardation 
of dye excretion was found. 

The authors concluded that epidemic encephalitis is a dis- 
ease of the entire organism, and not merely of the nervous 
system. 


CULTIVABLE BACTERIA 


Before reviewing the work done on cultivable bacteria, it 
may be well to discuss briefly spontaneous encephalitis in 
rabbits and also to give the few references that have been 
made to protozoa as possible etiologic agents. 


Spontaneous Encephalitis In Rabbits 


The rabbit has been used more extensively than any other 
animal in the experimental work on the etiology of epidemic 
encephalitis, along the lines both of cultivable bacteria and 
filtrable viruses. 

Unfortunately the rabbit is subject to spontaneous infec- 
tions that attack the central nervous system. Much has been 
written, especially in the past few years, in regard to these 
infections, and no attempt is made here completely to review 
the literature. Apparently Bull (B 425a) in 1917 was the 
first to call attention to the existance of spontaneous meningo- 
encephalitis in rabbits. Later reports were published by Oliver 
(O 22-O 23), Twort and Archer (T 125a), Goodpasture 
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(G 100), and many others. Doerr and Zdansky (D 137) in 
1923 called attention to the possibility of confusing these 
spontaneous lesions with lesions considered to be the result of 
experimental inoculations. The nature of these spontaneous 
lesions was thoroughly studied by Levaditi, Nicolau and 
Schoena(le210uln202-Lt 701 218, 4219018290, 14222) 
during the years 1923 and 1924. The lesions in the brain are 
characterized by a mononuclear meningitis, perivascular in- 
filtrations and “‘encephalitic nodules” in and near which the 
parasites are found. The etiological agent is called by Levaditi, 
Encephalitozoon cuniculi. It was found to be a protozoon of 
group of Microsporidia. The virus was not filtrable. Lesions 
are found both in the brain and the kidney, and the disease 
is transmitted through spores in the urine. The parasite is 
found to be infectious for the mouse, the rat, and the dog, as 
well as for the rabbit. The disease in rabbits is essentially 
chronic and does not give rise, in the early stages at least, to 
any clinical evidence of its presence. 

While this form of encephalitis in rabbits is apparently the 
most widespread and frequent, two other forms have been 
described. 

Levaditi, Schoen and Sanchis-Bayarri (L 226, L 227, L 
227a) in 1927 and 1928 described a form of spontaneous en- 
cephalitis in rabbits caused by the Toxoplasma cuniculi. This 
disease is apparently more acute than that caused by the En- 
cephalitozoon cuniculi. The histological changes are quite dif- 
ferent from those in other forms of experimental encepha- 
litis—the alterations in the choroid plexus, in the aqueduct of 
Sylvius, and in the fourth ventricle being especially marked, 
with resulting hydrocephalus. Rabbits may be infected by in- 
oculation in the anterior chamber of the eye. When this is done 
a keratitis and an exophthalmos develop, somewhat like those 
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described in a case of hydrocephalus in a child, cited by 
Levaditi (L 181.) 

This form of encephalitis in rabbits has been described only 
by, Levaditi and his co-workers, so far as we are able to ascer- 
tain. No statement has been made in regard to the prevalence 
of this disease. 

A third form of spontaneous encephalitis, described by 
Rivers and Stewart (R 134b) in 1928, was caused by their 
filtrable virus III. It is stated that the lesions of the brain 
caused by this virus are at times quite similar to those caused 
by the herpes virus, but that these two viruses are not im- 
munologically related. 


Protozoa 


Hilgerman (H 172, H 175) in 1920 reported that he found 
in blood smears (Giemsa stain) disc-like or pear-shaped ob- 
jects resembling the Piroplasma parvum. These objects were 
especially numerous in the white blood cells obtained by liver 
puncture. They were also found in the spleen, bone-marrow 
and ventricular fluid. 

In 1922, Hilgerman, Lauxer and Shaw (H 176) described 
the same protozoa in two additional cases and also a spirochete 
which the authors believed to be another stage in the devel- 
opment of the disc-shaped objects. 

Dewes in 1921 (D 115) noted peculiar inclusion bodies in 
blood smears (Giemsa stain.) He wrote that these resembled 
somewhat the forms described by Hilgerman, but that he be- 
lieved them to be Bagot’s (Cabot’s?) rings. 

Wanner in 1926 (W 15) reported that he found by ex- 
amination with the ultramicroscope actively mobile elements 
similar to spirochetes in the blood of patients, both in the 
acute and chronic stages of epidemic encephalitis. Guinea pigs 
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and white mice were inoculated intraperitoneally with this 
blood, with no effect. The author referred to the spirochete- 
like bodies described by Hilgerman. 

Having concluded the brief discussion on spontaneous en- 
cephalitis in rabbits and the protozoa-like forms occurring in 
the blood of encephalitic patients, the work done on culitvable 
bacteria will be reviewed. Cultivable bacteria have been exten- 
sively studied as the possible etiologic agent of encephalitis. 

Von Wiesner in 1917 (W 73) reported that he had found 
in the brains of fatal cases of epidemic encephalitis a diplo- 
streptococcus, which both he and von Economo believed for a 
time to be the cause of epidemic encephalitis. An emulsion 
of the brain injected intracerebrally in a monkey produced 
symptoms in a few hours and death in forty-six hours. From 
the human brain and also from that of the monkey the 
diplostreptococcus was isolated in culture. It was Gram-posi- 
tive, grew readily in bouillon containing glucose and later, on 
agar, and did not produce hemolysis. The brain emulsion in- 
jected intraperitoneally in a rabbit resulted in a hemorrhagic 
peritonitis. 

Von Economo in 1920 (E 19) published a report confirma- 
tory of von Wiesner’s work, but in 1923 (E 25a) he stated 
that he no longer believed that the diplostreptococcus was the 
cause of epidemic encephalitis, but rather was a saprophytic 
invader. 

Van Boeckel, Bessemans and Nelis (V 19) found the same 
organism in the brains of normal rabbits, especially when the 
material was not entirely fresh, and concluded that it was a 
secondary invader and not the etiologic agent. 

Other apparently similar organisms were briefly described 
by several investigators as occurring in the brain or spinal 
fluid in cases of epidemic encephalitis. Numerous different 
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organisms in the blood, spinal fluid, or brain in cases of en- 
cephalitis have been found from time to time by smear or by 
culture. It does not seem of interest to refer to these observa- 
tions unless careful cultural or experimental work was car- 
ried out. 

Stafford in 1918 (S 301) found in two spinal fluids from 
a case of epidemic encephalitis a diplostreptococcus which did 
not hemolyze blood or produce greenish zones. It was not 
pathogenic for rabbits or guinea pigs. 

Harbitz in 1920 (H 67) cultivated an apparently similar 
organism from the brain substance of two patients. No ex- 
perimental work was reported. 

Morse and Crump (M 386) in 1920 isolated a small Gram- 
positive coccus from the ventricular fluid, aspirated after death, 
of six patients. It closely resembled the organism described 
by von Wiesner. It was pathogenic for rabbits when injected 
subdurally, but not when injected intravenously. A_ sterile 
filtrate of a broth culture also produced death when injected 
subdurally in the rabbit. 

Cantiert and Vegni (C 29) in 1920 reported the cultiva- 
tion of a small Gram-postive diplococcus from the spinal 
fluid of four cases. The cultures were not pathogenic for 
rabbits or guinea pigs. 

Pisani and Varisco (P 162), and Paleani (P 14) in 1920 
isolated a small diplococcus, apparently Gram-amphophilic, 
from the blood or spinal fluid of several patients. The organ- 
isms were pathogenic for rabbits and guinea pigs. 

House in 1920 (H 237) obtained a Gram-positive 
diplococcus from the brain of a fatal case eleven hours after 
death. It grew in ordinary media and produced a greenish 
zone on blood plates. It was not pathogenic for rabbits or 
guinea pigs. Rabbits injected at weekly intervals with a sus- 
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pension of the organism heated at 56° C. for half an hour 
developed immune bodies in the serum, by agglutination and 
opsonic tests. 

Pico (P 146) inoculated rabbits intracerebrally with the 
spinal fluid of two cases of epidemic encephalitis. Some of 
the rabbits died and an emulsion of the brain injected sub- 
durally in other rabbits produced death. From the brain of the 
second generation a Gram-positive diplostreptococcus was cul- 
tivated. Cultures of this organism also produced death when 
inoculated subdurally in rabbits and guinea pigs. The cultures 
from the spinal fluids and the first generation of rabbit brain 
were sterile. Filtered emulsion of the brain of the guinea pig 
and rabbit caused death after cerebral inoculation in the rabbit. 
The cultures of the brain were usually negative, but in one 
instance a diplostreptococcus was cultured from the brain of 
an animal inoculated wth a filtered emulsion. 

Stern in 1920 (S 322) reported that in cases considered by 
him as typical, bacteriological studies were negative. Objects 
resembling a diplostreptococcus were sometimes seen in tissue, 
but he regarded them as artifacts. 

In an atypical case with double influenzal pneumonia, an 
emulsion of the brain injected intraperitoneally in a guinea pig 
produced a purulent peritonitis from which an organism was 
isolated. This organism grew both aerobically and anaerobi- 
cally, and appeared both as a ‘streptococcus and as an encap- 
sulated diplococcus. 

Siegmund in 1920 (S 210) cultivated a diplostreptococcus 
in five instances from the brain or ventricular fluid. The organ- 
ism was not pathogenic for guinea pigs, mice or rabbits. Sieg- 
mund believed that it was merely an associated organism and 
not the etiologic agent of the disease. 

Zuccola in 1921 (Z 19) stated that he cultured on ordinary 
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media a diplostreptococcus from spinal fluid. It was not 
pathogenic for laboratory animals. 

Forte in 1922 (F 93) made essentially the same report. 

Pappenheim in 1922 (P 28) reported the experiments of 
several workers in Russia. It was stated that Kulkow and 
Bjelikow cultured a pleomorphic diplostreptococcus from the 
spinal fluid and brain, either directly or after inoculation of 
the material in mice. 

Dessy and Grapiolo in 1920 (D 105) isolated a Gram- 
positive diplostreptococcus from the spinal fluid of three 
patients. It was isolated by anaerobic methods and was at first 
very small, but later grew more readily and was larger. It was 
stated that its cultural and morphological characteristics lay 
between those of the diplococcus and the streptococcus. They 
believed it to be the same organism as that described by von 
Wiesner, although his streptococcus was isolated by aerobic 
culture. They suggested that this diplostreptococcus might be 
a ‘‘microbe de sortie’ accompanying a filtrable virus—or that 
the filtrable virus described by other workers might be a 
filtrable form of this organism. 

Reichert in 1920 (R 51) isolated a Gram-positive coccus, 
occurring usually in pairs, but also in chains, from the heart's 
blood and the basal ganglia of eight patients. It was isolated 
by anaerobic culture, but later grew aerobically. He believed 
it to be the same organism as that described by von Wiesner. 

There is not much that can be said definitely in regard to 
these experiments with organisms identical with, or closely 
allied to, the diplostreptococcus of von Wiesner. One can only 
refer to the work of Van Boeckel, Bessemans and Nelis and 
_the opinion of von Economo, already cited. 

The expetiments of Piazza in 1921 (P 134) may be briefly 
described. In one case out of thirty-six, the author isolated 
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a small motile bacillus, Gram-negative in young cultures, and 
Gram-positive in older growths. It grew aerobically and was 
pathogenic for rabbits and guinea pigs when injected into the 
veins or peritoneum. Lesions were found in the brains of the 
animals and the organism could be recovered from the brain. 
Piazza then inoculated emulsions of normal brain into the 
peritoneal cavity of animals of the same species and found that 
death occurred in from fifteen to twenty days, or in some in- 
stances in a few hours. This happened whether the brain 
emulsion was filtered or unfiltered. The phenomenon could be 
produced in series, and was due, the author believed, to a 
chemical action. He also injected cultures of a diplococcus 
from a case of penumonia, in rabbits and guinea pigs, and 
obtained the same results as other workers have reported with 
an organism supposedly of encephalitis. The histological 
lesions in the brain were the same and the organism could be 
recovered from the brain. 

These two facts, the author believed, explained many of 
the reports in regard to the isolation of the specific agent of 
encephalitis. 

An organism that is filtrable and is cultured anaerobically 
has been described by several investigators. 

Bradford, Bashford and Wilson in 1919 (B 353, B 56, W 
89) published articles describing a minute, filter-passing or- 
ganism, cultured in Noguchi’s tissue media, from the blood, 
spinal fluid, central nervous system and lymphatic glands of 
patients with encephalitis, and also from the brain of monkeys 
inoculated intracerebrally with an emulsion of the human 
brain. The organism was strictly anaerobic and remained 
viable for some months in 50 percent glycerin. A somewhat 
similar filter-passing organism was described for poliomyelitis, 
trench fever, influenza and nephritis. 
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No further work along these lines has been published by 
these authors, to our knowledge, and from personal conversa- 
tion with bacteriologists in London, the impression was gained 
that some technical error had probably entered into these ex- 
periments. 

Bastai in 1920 and 1921 (B 70, B 71, B 72, B 73) pub- 
lished four articles dealing with his researches. He inocu- 
lated cats subdurally with Berkefeld filtrates of brain emulsion 
from three fatal cases. A number of the cats developed 
symptoms and were killed on the sixth to the eighth day. The 
brains of the cats showed lesions. With the filtrate of the 
human brain and also of the cat, cultures were made anaerobi- 
cally in media containing blood serum and fresh ascitic fluid. 
At the end of a week two organisms appeared—both cocci, 
but differing in size. The larger coccus grew aerobically in 
later generations. It did not hemolyze blood nor produce 
greenish pigment. The organism passed through the Berkefeld 
and Chamberland filters. It was pathogenic for rabbits, guinea 
pigs, rats and cats. 

In his later papers he reported the successful inoculation 
of a monkey with spinal fluid of a new case, and also of a 
second monkey with the organism isolated in 1920. He 
stated that rabbits could be successfully inoculated through 
the nervous system, eyes or testicles, with his organism. In 
the cornea it produced varying degrees of keratitis. From the 
spinal fluid and blood, in 1921, he cultivated a diplococcus, 
which he said corresponded both to von Wiesner’s diplo- 
streptococcus and to the one that he had isolated in 1920. 
Experiments with this organism on animals gave negative 
results, which he claimed were due to a variation in the 
virulence of the infection. 

Bastat’s “‘virus,” or more exactly culture, was examined by 
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Levaditi (L 178) and was pronounced by him to resemble 
the Pasteurella. 

Schnabel (S 104) also examined specimens of the “‘virus- 
culture” of Bastai and found it to contain Gram-negative 
organisms. It evidently contained no herpes virus, as animals 
immune to the herpes virus reacted upon inoculation with this 
material in the same way as normal animals. 

Maggiora, Mantovani and Tombolato in 1920 (M 33) 
found in blood cultures a small Gram-positive diplococcus, 
growing anaerobically. This organism was pathogenic for 
guinea pigs, and became more virulent when passed on in 
series. The patient’s blood injected subcutaneously in guinea 
pigs caused death on the fifth to seventh day, with lesions in 
the brain. The human spinal fluid, though sterile by culture, 
injected subcutaneously in guinea pigs caused. death on the 
seventh day, with a hemorrhagic process in the lung. A 
Gram-positive diplococcus was cultured from the guinea pig's 
blood. 

Maggiore and Sindoni in 1920 and 1921 (M 35, M 36) 
reported the isolation in Tarozzi-Noguchi medium of a very 
small Gram-negative coccus from the blood and spinal fluid. 
The injection of the culture in the brain or veins of rabbits 
was followed by paralysis and death. Fresh rabbits inoculated 
with emulsions of the brain of infected rabbits developed the 
same symptoms, but more slowly. Cerebrospinal fluid at dif- 
ferent stages of the disease always gave positive results when 
injected in rabbits. 

The organism was resistant to 50 percent glycerin. It was 
believed by the authors to be identical with that described by . 
Loewe, Strauss and Hirshfeld, by Thalhimer, and by Flexner 
and Noguchi, in poliomyelitis. Indeed the authors expressed 
the opinion that epidemic encephalitis and poliomyelitis are 
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identical, except for biological variations in the organism or 
differences in the persons affected. 

Misasi in 1925 (M 316) stated that in ten cases of epi- 
demic encephalitis in children, spinal fluid and blood cul- 
tures in Tarozzi-Noguchi medium showed an organism 
morphologically and culturally like that described by Maggiore 
and Sindoni. 

Ottolenghi, D’Antona and Tonietti in 1920 (O 46) te- 
ported that the blood and spinal fluid was pathogenic for the 
guinea pig when injected subdurally, intracerebrally or intra- 
peritoneally. Filtered nasal washings produced the same effect. 
In the guinea pig the disease was transmitted in series, for 
eight to twelve passages in some instances. Of 215 guinea pigs 
injected, only thirteen survived. The lesion in the brain was 
usually only hyperemia, rarely hemorrhage. A small pleomor- 
phic, Gram-negative diplostreptococcus was isolated from the 
brain in anaerobic cultures in Noguchi’s liquid, ascitic media. 
It was decidedly pathogenic for guinea pigs, less so for rab- 
bits, and not at all so for cats. 

Levaditi in 1925 (L 178) stated that this virus or culture 
was entirely different from his strain. He suggested that it 
might be a spontaneous, infectious disease of the guinea pig. 

Ottolenghi and his associates in 1923-24 (O 47) said that 
Levaditi’s work has refuted their experiments of 1920, and re- 
ported the isolation of a non-cultivable virus, which is de- 
scribed in the section on filtrable viruses. 

Loewe, Strauss and Hirshfeld (L 297, L 298, L 299, L 
300, L 301, L 302, L 303, S 379, S 381) in 1919 and 1920 
made extensive studies by cultural methods and animal ex- 
perimentation on the etiology of epidemic encephalitis. Their 
cultural work was successful only when Noguchi’s kidney 
tissue, ascitic media, was used under anaerobic conditions. 
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Using this method cultures were obtained with 50 percent of 
spinal fluids; with 66 percent of Berkefeld filtrates of naso- 
pharyngeal washings; in seven out of ten instances with 
Berkefeld filtrates of naso-pharyngeal mucous membrane from 
fatal cases; with the human brain, especially in rapidly fatal 
cases (it was stated that difficulty was experienced in obtain- 
ing the culture from the human brain as it was often grossly 
contaminated, necessitating the use of filtrates) ; and with the 
blood in two instances. Positive cultures were obtained in 85 
and 66 percent respectively from the brains of monkeys and 
rabbits that had been successfully inoculated. | 

The colonies appeared on the fifth to the seventh day. It 
was not possible to isolate the organism in solid medium, but 
it could be transferred to it in later generations. The organ- 
isms were minute, globular bodies, occuring singly, in pairs, 
chains and clusters. They varied in size, being smaller in 
young cultures, and appearing as larger degenerated forms 
in older growths. The staining was Gram-amphophilic, the 
younger forms and those in fluid media being Gram-positive; 
the older cultures, especially in solid media, being Gram- 
negative. The organsims were filter-passing, but the filter ap- 
parently held back many of them. 

It was stated that monkeys were refractory to inoculations 
with the culture, but that more than 50 percent of rabbits 
inoculated with a filtrate of the culture in various generations 
succumbed with typical lesions in the brain. The incubation 
period varied from two to forty-two days. The authors did 
not believe that the successful inoculation with the cultures 
could be due to the carrying over of the original virus, as 
months elapsed between the original isolation of the organ- 
ism and the time when some of the sub-cultures, up to the 
eleventh generation, were used for inoculation. After so many 
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sub-cultures there could be little possibility of enough of the 
original virus being present to have any effect. Moreover, 
the virus deteriorates rather rapidly at incubation tempera- 
ture. 

Attention was called to the morphological and cultural 
resemblance of this organism to the globoid bodies in 
poliomyelitis described by Flexner and Noguchi. It differed 
from these bodies, however, in its pathogenicity for rabbits 
and in the fact that it was easily cultivated from spinal fluids. 

In carrying out the cultivated studies controls were made 
using nasal washings, nasopharyngeal mucous membrane, 
spinal fluid and brain emulsion from patients suffering from 
other diseases—all with negative results. 

Experiments were also carried out by inoculating animals 
directly with material from human cases—brain emulsion, 
spinal fluid and filtrate of nasopharyngeal washings and of 
nasopharyngeal mucous membrane. 

In their first experiment they inoculated a monkey (Macacus 
rhesus) subdurally and intraperitoneally with a saline emul- 
sion of a human brain. On the following day the animal be- 
came ill and two days later it was killed. The brain showed 
lesions—multiple cortical and subcortical punctate hemor- 
rhages, perivascular round-celled infiltration, and a certain 
degree of meningitis. An emulsion of the brain was injected 
intraperitoneally and intracerebrally in a second monkey, 
which became paralyzed on the sixth day and was killed seven 
days later. This brain also showed lesions and, after being 
kept in cold storage for two months in 50 percent glycerin, 
was inoculated in two rabbits. Both rabbits died and in the 
brain of one typical lesions were found. 

A purulent nasal discharge from a patient was passed 
through a Berkefeld filter and (after being proved sterile by 


ETIOLOGY 3] 


culturing on ordinary media) was inoculated intracranially and 
intracerebrally in a Macacus. The monkey developed symp: 
toms on the eighth day, but recovered ten days later. In two 
months the animal was again inoculated intracranially with a 
highly virulent filtrate of nasal mucous membrane and showed 
no reaction. It was assumed that the monkey had acquired 
an immunity. 

It was found that the rabbit was much more susceptible 
to inoculations than the monkey. A filtrate of human brain 
from three cases was inoculated in twelve rabbits. Four died, 
three of which showed lesions in the brain. An emulsion of 
the human brains of two cases was injected in six rabbits, four 
of which died, two showing lesions in the brain. A filtrate 
from the nasopharyngeal mucous membrane of a fatal case 
was injected intracranially in a rabbit, with the production of 
typical lesions. This virus was transmitted through six rabbits, 
then to a monkey, and then back to two generations of rab- 
bits, using each time a filtrate of brain emlusion for inocula- 
tion. 

The injection of filtered nasopharyngeal washings intra- 
cranially in rabbits gave positive results in 78 percent of cases 
and was suggested as a means of diagnosis in doubtful cases 
of epidemic encephalitis. 

The inoculation of spinal fluid in rabbits gave positive re- 
sults in 61 percent of cases and was also suggested as a means 
of diagnosis. 

Control inoculations were carried out using similar material 
from patients suffering with other diseases, with negative re- 
sults. 

Thalhimer in 1921 (T 34), reported the isolation of some- 
what similar organisms by the same cultural technique, from 
the spinal fluid of two cases, from the filtrate of the brains 
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of four cases, and from about 80 percent of the filtrates of the 
brains of rabbits successfully inoculated with the original ma- 
terial. These organisms were carried through several genera- 
tions. They passed through the Mandler filter. Positive results 
were obtained by the injection of the culture intracranially in 
rabbits and the culture was recovered from the brain filtrate 
of the rabbits. 

When rabbits were inoculated intracranially with human 
material—brain filtrate, spinal fluids, or nasophryngeal wash- 
ings—positive results were obtained in a large percentage of 
the cases. The animals usually died in from two to eight 
weeks. In the brains of some of the animals that died no 
lesions were found, even though the virus was present, as 
shown by positive cultures or by transmissions to other ani- 
mals. 

Viruses of different origins were injected intracerebrally in 
fifty-two guinea pigs, of which thirty-five died, with twenty- 
one showing characteristic lesions. 

In 1922-23 Thalhimer (T 35) reviewed his earlier work 
and stated that, of the animals injected in groups, 50 to 60 
percent as a rule were affected. He also added that the organ- 
ism had been recovered from the spinal fluid of animals in- 
jected with the virus. 

Control experiments, both in the cultural work and in the 
animal inoculations, were carried out, using the same kind 
of material from patients with other diseases. The results with 
these materials were negative. 

Commenting on the experiments reported by Loewe, Strauss 
and Hirshfeld, Flexner (F 64) stated that with different ma- 
terials—brain emulsion, filtered nasopharyngeal washings 
and filtered extracts of nasopharyngeal mucosa from more 
than forty patients, and more than one hundred spinal fluids— 
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inoculations were made in both monkeys and rabbits in an at- 
tempt to transmit epidemic encephalitis to animals. In no in- 
stance was the attempt successful. Occasionally a meningitis or 
an encephalitis followed the intracerebral inoculation, but 
careful study proved it to be due to an accidental or intercur- 
rent infection. In one instance a herpes virus was isolated from 
the spinal fluid of a patient suffering from neurosyphilis. This 
is described under the section dealing with filtrable viruses. 
Flexner also called attention to the fact that McCartney, after 
a careful study of more than three hundred rabbits at the 
Rockefeller Institute, found the lesions of spontaneous en- 
cephalitis in about half the number. It was pointed out that 
the percentage was about the same as that of the positive re- 
sults reported by Loewe, Strauss and Hirshfeld. Moreover, 
in Flexner’s opinion, the lesions in spontaneous encephalitis 
resembled quite closely those in the reports and photographs 
published by Loewe and his associates. 

McCartney in 1926 (M 200) published a report of his at- 
tempt to repeat the cultural work done by Loewe, Strauss and 
Hirshfeld. He stated that the tubes of uninoculated media 
showed the same clouding as those inoculated with material 
from cases of encephalitis. This he believed was due to a 
precipitation caused by an alteration of the hydrogen-ion con- 
centration. The “globoid bodies’ were in the control tubes as 
well as in those that had been inoculated. 

Levaditi in 1925 (L 178) stated that he worked with Thal- 
himer’s virus and found it to be the “encephalitozoon cunic- 
uli.” He believed that Loewe, Strauss and Hirshfeld were 
working with the same infection. 

Evans and Freeman in 1926 (E 81) reported the isola- 
tion of a pleomorphic streptococcus from the heart blood and 
mesencephalon of a patient dying in the third exacerbation of 
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epidemic encephalitis, six years after the first attack. These 
materials were planted in the meat broth medium described 
by Evans. “Anaerobic cultures are grown in a meat medium 
prepared like ordinary beef infusion broth; but instead of dis- 
carding the meat from which the broth is made, the ground 
meat particles are placed in the tubes to a depth of about one 
inch. After the medium has been inoculated, a cap of sterile 
melted vaseline is added.” Anaerobic cultures were obtained 
which were injected intracerebrally in rabbits. From the brains 
of the rabbits, which reacted to the inoculation, cultures were 
obtained which grew aerobically on vitamine agar as well as 
in the anaerobic meat broth medium. A third strain was ob- 
tained by inoculating rabbits intracerebrally with nasal wash- 
ings taken eight days before death. From the rabbit brain a 
culture was obtained which grew both on vitamine agar and 
in the meat broth medium. These three strains resembled 
each other culturally, morphologically, and in their pathogenic- 
ity for rabbits. The strains from the nasal washings and from 
the heart blood were shown to be identical by cross protec- 
tion tests. 

The organism was Gram-amphophilic, produced a slight 
hemolysis and a greenish tinge on blood agar, grew in ordi- 
nary media in subcultures, and was highly pleomorphic. It 
varied greatly in size, sometimes being so small as to pass 
through a filter and at other times being described as a ‘“‘giant”’ 
coccus. It also appeared as a diphtheroid and as a spore-form- 
ing rod, with minute filtrable coccoid bodies appearing as 
buds on the walls of the rod. It was stated that “this report 
will be limited to observations on the streptococcus form of 
the organism—the form in which the virulence is highest and 
most stable.” 


Cultures of the streptococcus in the meat broth medium, 


ETIOLOGY 41 


kept at 4° C., maintained their virulence for five months. 
Organisms in the brain of a rabbit, preserved in glycerin at 
4° C., lost their virulence by the forty-eighth day. 

The streptococcus was highly virulent for the rabbit, pro- 
ducing death in from five and three-quarters to eighteen hours, 
when injected intracerebrally. There was more variation in 
the virulence when the organism was injected intravenously in 
rabbits. After this method of inoculation the streptococcus 
could be recovered from the brain. Four monkeys were inocu- 
lated with the culture, three of which died. The fourth had 
been inoculated six months before with a culture of a coccus 
obtained from a case of poliomyelitis and it was assumed that 
this monkey had in this way been immunized. 

It was found possible to immunize rabbits to large intracere- 
bral inoculations by three or four intravenous or intraperitoneal] 
inoculations. 

The rapidity of death following the intracerebral injections 
of the culture in rabbits suggested to the authors the action 
of a toxin. This was disproved by inoculating a filtrate of the 
culture, which proved harmless. The authors stated thar 
filtrates of emulsions of the human brain and of rabbits’ 
brains also gave negative results when inoculated intracere- 
brally. The authors continued: ‘By planting filtrates in meat 
medium, however, virulent cultures have been obtained and 
they have shown that the organism is in a filterable form in 
the human brain, in the rabbit brain, and in cultures.” 

The study was summarized as follows: “A pleomorphic 
streptococcus, highly virulent for rabbits when inoculated in- 
tracerebrally, was obtained from the nasal washings, heart 
blood, and mesencephalon of a case of epidemic encephalitis. 

“In so far as the comparative tests have been made, this 
streptococcus agreed with the streptococci obtained from cases 
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of epidemic encephalitis by von Wiesner and by Rosenow. 
Apparently several other investigators have cultivated the same 
organism in their studies of the disease. 

“When inoculated intravenously into rabbits the strep- 
tococcus shows a tendency to elective localization in the brain. 

“In rabbits and in monkeys it produces nervous symptoms 
which in some cases simulate the disease in man. 

“Rabbits inoculated with this streptococcus show no inflam- 
matory lesions outside of the central nervous system. The 
meninges are heavily infiltrated with lymphocytes and leuco- 
cytes, the inflammation spreads to the cerebral substance by 
direct extension and along the small vessels, penetrating into 
the brain. There are severe parenchymatous degenerative 
changes in the nervous tissue and reaction of the neuroglia. 
The sheaths of the blood vessels are found infiltrated by 
lymphocytes. The reaction is sometimes most marked in the 
mesencephalon. 

“In monkeys there is noted a greater tendency toward 
leucocytic reaction, and in two instances large areas of hemor- 
rhagic inflammation in the basal ganglia were noted.” 

Freeman in 1926 (F 120) reported that a similar organism 
had been isolated from the spinal fluid of two cases in the 
chronic stage of epidemic encephalitis and in the blood and 
spinal fluid of two cases in the acute stage. 

In 1927 Freeman (F 121) stated that the same organism 
was isolated by Miss Evans from the blood during life and 
from the brain after death of a patient suffering from ence- 
phalitis and brain tumor. In another publication in 1927 Free- 
man (F 123) reviewed the earlier work and reported the 
isolation of the same culture from additional cases, some of 
them being cases of “idiopathic” paralysis agitans in which 
there was no history of encephalitis. 
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In 1927 Evans (E 80) obtained six strains of virus from 
various investigators, one of which had been isolated from a 
case of epidemic encephalitis, four from herpetic vesicles, and 
one, the virus “Beckley,” from the spinal fluid of a syphilitic 
patient. 

All of these viruses produced the typical herpetic syndrome 
when injected intracerebrally in rabbits, death occurring in 
from three to eight days after inoculation. A careful examina- 
tion of smears from the brains of these rabbits revealed a few 
cocci, and cultures were obtained by inoculating the brain of 
the rabbit, in the meat broth medium, used for the cultivation 
of streptococci with materials from cases of epidemic enceph- 
alitis. By this method organisms were cultivated from all 
six of the viruses. These organisms closely resembled those 
already described, which had been cultured from cases of 
encephalitis. They assumed both the streptococcus and the 
spore-producing rod forms. It was stated that in some in- 
stances the cultures were obtained directly from the virus 
preserved in glycerin, as it was received at the laboratory. The 
cultures were sometimes grown from filtrates of the brain 
emulsion. These six strains differed in virulence, but all were 
less pathogenic than the strains isolated from cases of ept- 
demic encephalitis. 

This group of experiments, and especially those reported 
in the last publication of Evans, led Olitsky and Long (O 
21a) in 1928 to study the relationship between streptococci 
and herpes virus encephalitis. For their experiment they used 
two strains of virus that had been used by Evans, and also 
Levaditi’s strain C. The media were prepared according to 
the directions given by Evans. Cultures were made both in 
the meat broth medium and on blood agar plates. The follow- 
ing materials were used: herpes virus-infected rabbit brains 
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kept from eight to 113 days in 50 percent glycerol; fresh 
virus-infected brains of rabbits and guinea pigs; fresh brains 
of guinea pigs inoculated intracerebrally with non-infective 
material, as a control. The blood agar plates remained sterile 
in all instances. From the meat broth cultures a Staphylococ- 
cus aureus was isolated from one tube containing glycerolated 
material; a streptococcus and a large coccus from fresh virus- 
infected brains of rabbits; two strains of streptococci from 
fresh virus-infected guinea pig brain; two strains of strepto- 
cocci from the control guinea pig brain. 

An experiment was tried concerning the possibility of ob- 
taining organisms from ground meat particles and dextrose 
broth—the process of grinding being carried out with the 
same precautions against contamination that were used in 
grinding the brains of the animals in preparing the emulsion. 

From tubes of meat medium inoculated with the ‘‘ground”’ 
meat particles and the ground dextrose broth, streptococci, 
giant cocci, diphtheroids, spore-producing rods and other 
organisms were isolated. The blood agar plates inoculated at 
the same time were sterile. It was believed that the organisms 
were contaminants introduced through the process of grinding. 
The streptococci corresponded culturally with those described 
by Evans. Four of eight strains of these streptococci tested, 
proved pathogenic for rabbits, producing a purulent meningo- 
encephalitis. 


No cross immunity was demonstrated between the strepto- 
cocci and the viruses. 


It was shown that the virus was mote resistant to 50 percent 
glycerol than was the streptococcus. The authors stated that: 
“From all this it can be concluded that streptococci are not 
the visible forms of herpes virus, nor do they produce in 
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rabbits effects like those induced in the brain and cornea by 
the herpes virus.” 

Zinsser in 1928 (Z 14a) wrote as follows: “The problem 
in regard to the work of Evans and Freeman is of much the 
same order as that regarding the streptococci claimed by Rose- 
now in poliomyelitis; and a strain of virus placed at my dis- 
posal by Dr. Evans has been found, in many passages in 
rabbits to be identical pathogenically and immunologically 
with strains of herpes virus. A large number of cultivations 
made by my associates, Drs. Tang and Yu, from rabbits in- 
fected with this strain have occasionally yielded streptococci, 
but the organisms so obtained have repeatedly failed to 
produce a disease in other rabbits anything like that produced 
by the brain substance itself. If one assumes the possibility 
of a mutation of an organism into a filtrable virus form, and 
together with that, a modification in pathogenic properties 
during the course of this mutation, one could accept as a solu- 
tion of the problem not only the work of Evans and Free- 
man, but that of others who have cultivated bacteria. It is still 
a far cry experimentally to such a premise, however, and 
logic forces one at the present time to reject the bacterial 
causation of this disease on the following grounds: 


“1. The clinical symptoms and speed of death of inoculated 
animals not only is different from that of the human disease, 
but differs materially from that following the inoculation of 
the herpes virus into the same species of animals. 

“2. The pathologic changes in encephalitis in man are 
fundamentally different from those produced by any of the 
known forms of bacteria. 

“3, The nature of immunity, as far as is known in encepha- 
litis, and certainly in filtrable virus diseases generally, and 
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herpes especially, is different, both biologically and serologi- 
cally, from that familiar in streptococci infections. 

“4. In addition to this, all those who have seriously claimed 
bacterial etiology for this disease have assumed an interrela- 
tionship between the bacteria and a filtrable stage, in which 
case it would be necessary to stretch this mutation not only 
into one of form and infectious properties, but into one 
affecting all the basic biologic attributes of the agent; for— 
unlike bacteria—the filtrable virus can be preserved in glycerin 
indefinitely, degenerates easily in salt solution, and is much 
less resistant to heat, chemicals and most other deleterious 
agencies than are bacteria. 

“Altogther, then, a poor case is made out for bacterial 
causation, which must be thrown out entirely, except on the 
slim possibility of actual mutation, for which the evidence is 
entirely too unreliable at the present time to permit anything 
more than a purely speculative view.” 

Rosenow has doubtless devoted more time to the study of 
the etiology of epidemic encephalitis from a bacteriologic 
standpoint than has any other investigator. These experiments 
have been conducted along the same lines on which Rosenow 
has worked for many years with multiple sclerosis, transverse 
myelitis, neuralgia, multiple neuritis, poliomyelitis and other 
diseases. Rosenow has concluded that streptococci with specific 
or elective localizing power play an important part in the 
etiology of these diseases. With this background Rosenow 
began his investigations of the etiology of epidemic encepha- 
litis. 

His first paper was published in 1921 (R 247a) and 
dealt with the isolation of a pleomorphic green-producing 
streptococcus from material from tonsils, nasopharynx and 
pyorrhea pockets of three cases of epidemic hiccup—a condi- 
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tion the cause of which Rosenow believed to be similar to 
the cause of epidemic encephalitis. With the material from 
the patients and also with the culture, inoculations in rabbits 
and monkeys produced spasms of the diaphragm. The inocula- 
tion period varied from one to seven days, depending on the 
size of the dose and its virulence. Many of the animals 
recovered. When the animals died or were chloroformed, the 
same organism was found in the brain in active lesions, and 
also at times in the spinal fluid. It was difficult to demonstrate 
the organism in the brain in chronic lesions and they were 
never found after recovery. 

After animal passage the specificity of the organism seemed 
to change. The hiccup decreased and lethargy and symptoms 
of epidemic encephalitis developed. 

In 1922 Rosenow (R 248) reported his experiments with 
a green-producing streptococcus isolated from a case of ept- 
demic encephalitis from the following sources: infected teeth; 
filtrate of the nasal washings; the blood during life; an emul- 
sion of the base of the brain; and a filtrate of the brain 
emulsion. Stained sections of the base of the brain revealed 
pleomorphic diplococci in or near the lesions. The organisms 
were isolated in glucose-brain-broth. For inoculations in 
animals the cultures were transplanted from three to six times 
in twenty-four hours for many generations. With such a 
culture it was possible to infect rabbits by intracerebral inocu- 
lations and also by packing the nose with gauze soaked in the 
culture. 

Twenty-six rabbits and one monkey were injected intra- 
cerebrally with brain emulsion, with filtrate of the brain emul- 
sion, filtrate of nasal washings and other materials, with nega- 
tive results. This Rosenow interpreted as proving that a 
filtrable virus was not present and that the relatively few 
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streptococci in these materials were not sufficient to overcome 
the resistance of the animals. 

It was stated that the streptococcus from the infected teeth, 
from the blood and from the base of the brain were the same 
with respect to morphology, cultural characteristics and im- 
munologic properties. The strains isolated from the brain and 
from one infected tooth were neurotropic. The organisms, 
when freshly isolated, were agglutinated by anti-poliomyelitis 
and anti-encephalitis sera. After prolonged cultivation they 
were agglutinated also by influenza serum, anti-pneumococcus 
serum and normal horse serum. 

In 1923 four papers were published. In one of these, 
Rosenow (R 249), dealing with the serum treatment of epi- 
demic encephalitis, stated his belief that he was working with 
the same organism as that described by Loewe, Strauss and 
Hirshfeld, but that he was dealing with a larger aerobic form 
of the streptococcus. He found this strain closely related to 
his poliomyelitis strain. 

A more extensive study of epidemic hiccup was also pub- 
lished in two parts (R 250). The results of the study of eight 
cases were reported in detail. In general these were much 
the same as those reported with the first three cases of epidemic 
hiccup. In the second part of the report, however, attention 
was called to the fact that rabbits developed the same symp- 
toms when inoculated intracerebrally with dead bacteria as 
when inoculated with the filtrates of cultures. Cultures from 
the brains of these animals did not yield streptococci nor did 
emulsion of their brains produce symptoms when injected 
intracerebrally in normal rabbits. This was interpreted to prove 
that the symptoms were not due to a filtrable virus. Sections 
of the brain showed diplococci after injection with the dead 
cultures, but not after injection with the filtrate. Rosenow 
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stated: “Hence, the specific localizing power with the produc- 
tion of this highly characteristic syndrome would seem to be 
due to a chemical substance produced either by the strepto- 
coccus or during the reaction incited in the host.” 

In a third paper published in 1923 (R 251), attention 
was called to the similarity between the streptococcus isolated 
from cases of epidemic encephalitis and that isolated from 
cases of influenza. A careful study was made of a strepto- 
coccus isolated from the throat of a patient suffering from 
epidemic encephalitis, who had recently recovered from an 
attack of influenza. Three weeks after the onset of the enceph- 
alitis his daughter developed poliomyelitis and died from 
respiratory paralysis. 

The organism was isolated from the brain of rabbits inocu- 
lated intracerebrally with washings from the patient’s throat. 
It was agglutinated by Rosenow’s anti-poliomyelitis serum, 
and also by the patient's own serum during convalescence. 
Rabbits, monkeys, mice and guinea pigs were inoculated with 
the organism by various routes. Following animal passage, it 
seemed to lose its neurotropic power and to gain a pneumo- 
tropic tendency. Coincidentally with this change, its agglutina- 
tion reaction changed. It was agglutinated less successfully 
by the anti-poliomyelitis and anti-encephalitis serum and better 
by pneumococcus serum, especially Type 3. 

Rosenow concluded: “According to the results of these 
experiments, the same streptococcus may give rise to these 
widely different diseases, depending on whether it is in the 
virulent or pneumotropic phase, when influenza would result, 
or in the less virulent, but neurotropic phase, when polio- 
myelitis and allied conditions would be prone to develop.” 

In the fourth article in 1923, by Rosenow and Jackson (R 
258), it was stated that in stained sections of the brains of 
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twenty-one cases of epidemic encephalitis, cocci or diplococci 
were demonstrated in or near the lesions. The organisms 
were more numerous in cases of short duration. Their 
morphology showed a wide variation. No other bacteria were 
found. 

In 1924 Rosenow (R 252) isolated a similar streptococcus 
from seven cases of respiratory arrhythmia following epidemic 
encephalitis. The streptococcus was usually isolated by inject- 
ing rabbits intracerebrally with nasopharyngeal washings or 
with the pus from tonsils. Cultures of this organism produced 
respiratory disturbances when injected intracerebrally in rab- 
bits and monkeys. 

As in previous experiments, the streptococcus was fre- 
quently isolated from the spinal fluid, as well as from the 
brain of animals which died in the acute stage of infection 
after intracerebral inoculations. 

The organisms resembled those isolated in previous experi- 
ments and five of the strains were agglutinated by Rosenow’s 
anti-poliomyelitis and anti-encephalitis sera. This organism 
also after rapid animal passage developed the power to produce 
hemorrhagic broncho-pneumonia in the guinea pig. 

In a second article in 1924 (R 255), the earlier work was 
reviewed, and it was stated that the streptococcus was isolated 
from four cases of spasmodic torticollis, three cases of chorea, 
five cases of Parkinsonian encephalitis, two cases of myoclonic 
encephalitis and two cases of respiratory arrhythmia. These 
organisms were much alike in morphology, cultural character- 
istics and virulence, but corresponded in their localization and 
the type of symptoms produced to the sources from which 
they were derived. Endocarditis and myocardial lesions fol- 
lowed the intracerebral injection of the strains from cases of : 
chorea, and the organism was isolated from the blood in 31 
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percent of the animals injected. These results were not ob- 
tained after the injection of strains from the other sources. 
The localization of the lesions in the brain also varied with 
the source of the strain: the basal ganglia being most fre- 
quently involved with strains from Parkinsonian encephalitis 
and spasmodic torticollis; the cortical and subcortical regions, 
with strains from myoclonic encephalitis and chorea; and the 
anterior part of the medulla, with strains from the cases of 
respiratory arrhythmia. 

A third paper (R 253) was of the nature of a general 
review. It was stated that when rabbits were inoculated with 
washings from the nasopharynx, pus from the tonsils, or 
cultures from these sources, there was a mortality of 74 percent 
with strains from cases of epidemic encephalitis; 40 percent 
with strains from contacts with these cases; and 23 percent 
with strains from normal controls or patients suffering from 
other diseases. 

A very comprehensive study of eighty-one cases was also 
published in 1924 (R 254). Of these eighty-one cases, thir- 
teen were of the lethargic type; fifteen of the Parkinsonian 
type; seventeen of the myoclonic type; five of the meningitic 
type; and thirty-one were unclassified. 

Cultures were also made from eleven contacts and from 
seventy-seven normal controls. | 

The cultures were obtained, by the methods already de- 
scribed, from foci of infection, nasopharynx, tonsils and 
teeth; from the brain and medulla of fatal cases; from the 
spinal fluid of three of the five meningitic cases; and from 
four other cases. 

The characteristics of the organisms were described. The fer- 
mentation reactions were variable. The smaller forms, especial- 
ly those growing in old anaerobic cultures, were filterpassing. 
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Most of the encephalitic strains were agglutinated both by 
Rosenow’s anti-poliomyelitis serum and  anti-encephalitis 
serum, and by the serum from patients suffering from ence- 
phalitis. The serum of normal persons had little or no 
agglutinating power. The encephalitis and the poliomyelitis 
strains were immunologically similar. 

Cultures of these streptococci, material from the patients, 
and also filtrates of the material and of cultures were inocu- 
lated in rabbits, monkeys, guinea pigs and mice. While intra- 
cerebral inoculations gave the highest percentage of positive 
results, localization in the brain followed intravenous and 
intraperitoneal injections in a varying percentage of instances. 
Inoculations of animals with morphologically similar cultures 
from control cases yielded a very small number of positive 
results. 

The symptoms developing in the animals are described as 
being very similar to the symptoms of the patients from whom 
the cultures or material were obtained. 

The microscopic lesions in the brain were described as 
follows: 


“The microscopic changes varied greatly according to the 
duration of the experiment, the size of the dose, and the 
virulence of the strain injected. Leukocytic and round-cell in- 
filtration of the pia was most marked surrounding blood 
vessels in the sulci. Focal hemorrhages in the brain and 
meduila, often perivascular, associated with a variable degree 
of leukocytic and round-cell infiltration, and similar areas of 
infiltration unassociated with hemorrhage were the usual find- 
ings in the animals that succumbed or were anesthetized 
in from 1 to 5 days after injection. The organism was 
readily demonstrated in these lesions. As the duration of 
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the experiment became longer, hemorrhages were less com- 
mon, the leukocytes were displaced by round cells, and the 
diplococci became fewer and more irregular in size, large 
and small forms often occurring side by side and sometimes 
in the same chain. The proportion of leukocytes and round 
cells varied greatly according to the location of the lesion, 
the former often predominating in the pia and the latter in 
the perivascular spaces in the depths of the brain substance.’’ 

Rosenow again suggested the possibility that he was dealing 
with a larger aerobic form of the smaller anaerobic organism 
isolated by Loewe and Strauss, Thalhimer and others. 

In 1926 two articles were published (R 256 and R 256a) 
dealing more particularly with the relation of epidemic hiccup 
to epidemic encephalitis. In the first paper (R 256) twenty 
additional cases of epidemic hiccup were studied. Cultures 
were obtained, similar to those already described, and animals 
were inoculated, 76 percent of which developed muscular 
spasms. 

The work of Evans was cited as corroborating Rosenow’s 
experiments with the streptococcus as the etiologic agent of 
epidemic encephalitis. 

This streptococcus was agglutinated by the anti-poliomyelitis 
and anti-encephalitis sera and also by the sera of convalescent 
patients. 

Rosenow concluded that a close relationship between ept- 
demic hiccup and epidemic encephalitis was indicated by his 
experiments. 

The second paper (R 256a) dealt with experiments on five 
cases of neuromyelo-encephalitis occurring during and follow- 
ing an epidemic of hiccup. 

Cultures of a streptococcus were obtained from the naso- 
pharynx or tonsils of these patients by the same technique that 
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was used in epidemic encephalitis and epidemic hiccup. In 
these experiments dogs as well as rabbits were used for 
inoculation, both with suspensions of the swabbings from the 
nasopharynx and tonsils and with the cultures. The animals 
were reported as developing symptoms closely resembling 
those in the patients from whom the materials were taken. 
Four dogs, injected with material from two patients with 
nausea and vomiting, manifested these symptoms. 

All five of these patients suffered from neuritis. Hemor- 
rhagic lesions of the nerves occurred in eight of twenty-one 
rabbits injected intracerebrally and in ten of seventeen injected 
intravenously. A very small percentage of rabbits injected 
intracerebrally with material from cases of epidemic hiccup 
developed hemorrhages in the peripheral nerves or nerve roots. 

Lesions containing the streptococcus were found in a few 
instances in the stomach or colon of rabbits injected intra- 
cerebrally, a fact which Rosenow concluded was in harmony 
with the occurrence of gastro-intestinal symptoms during the 
epidemic. 

These organisms were culturally and morphologically like 
those isolated from epidemic encephalitis and epidemic hiccup. 
They were agglutinated by Rosenow’s polio-encephalitis serum. 

The conclusion was: 

“Since changes in localizing power were noted in some of 
these strains following artificial cultivation and animal passage, 
the conclusion seems warranted that the changes in the char- 
acter of the epidemic, from hiccup to other manifestations of 
a neuromyelo-encephalitis, were due to change in the tropism 
or localizing power of the streptococcus isolated.” 

In 1928 Rosenow (R 257) published a paper in which 
his earlier work was reviewed and studies of additional cases 
were related. Attention was called to the work of Evans and 
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Freeman, which the author stated paralleled his own in im- 
portant respects. Reference was made to viruses and to Evans’ 
report of the isolation of streptococci with neurotropic power 
from such viruses. 

In Rosenow’s new series of cases, five were cases of epi- 
demic hiccup, nine of epidemic encephalitis, six of myoclonic 
encephalitis, thirty of Parkinsonian encephalitis, five of re- 
spiratory arrhythmia, sixteen of spasmodic torticollis and sev- 
enteen of chorea. Rabbits were injected intracerebrally with 
material from the nasopharynx, tonsils or teeth, or with 
primary cultures in dextrose brain broth. It was stated that 
evidence of focal infection, especially in the teeth, was found 
in most of the cases. It was also stated that ‘the incidence 
in the animals of the symptoms most characteristic of the 
different groups was often strikingly high and in some in- 
stances simulated the condition in the patient so closely as to 
make one feel certain that the material injected must have 
contained the etiologic agent.”’ 

From the inoculated rabbits, the green-producing strepto- 
coccus was isolated in 67 percent of cases from the brain, and 
in 34 percent of cases from the blood. In a few instances 
hemolytic streptococci, staphylococci and other organisms were 
obtained. 

It was reported that the microscopic changes in the brain 
were quite similar in the animals inoculated with strains from 
the different groups, differing in site rather than in character. 
It was at times not possible to correlate the lesions found 
after death with the symptoms that had been observed. 

Rosenow concluded: 

“Another series of experiments with animals performed 
with material from foci of infection or throats of patients 
suffering from various diseases of the nervous system is re- 
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ported. The results corroborate and extend the former 
observations. The streptococci isolated in each of these condi- 
tions, while much alike, possess very different localizing and 
symptom-producing power when injected intracerebrally into 
animals and readily lose this property, especially on aerobic 
cultivation. The specific localizing power of the streptococcus, 
it would seem, is dependent, in part at least, on the production 
of a toxin or poison that has specific effects. Lethargy, 
hyperpnea with marked arrhythmia, and the symptoms char- 
acteristic of spasmodic torticollis have been produced with 
filtrates from nasopharyngeal washings, filtrates of suspensions 
of the pus from tonsils and filtrates of old cultures of the 
specific streptococcus in each of these conditions. The fact 
that the streptococcus, having specific effects and the power 
to produce a specific poison, has been isolated long after onset 
indicates that the late manifestations of encephalitis and allied 
conditions are not sequels but are due to the activity of the 
causative Organisms or its toxin, as has been especially empha- 
sized by Freeman. 


“It is of course realized that the results obtained are not 
absolute proof of the etiologic relationship of the streptococcus 
isolated. None of the patients in this group died, and hence 
search for the organism in lesions could not be made. 
Agglutination experiments, especially with the serum of 
patients and the suspension of the suspected organism while 
sometimes positive in low dilutions, were not so regularly 
enough to be convincing. The benefits which follow the 
removal of foci proved to contain the organism and the use 
of autogenous vaccines, while often striking, do not occur 
regularly enough to prove etiologic relationship. 

“In consideration of all the facts, especially the extremely 
specific effects obtained in some cases with the streptococcus 
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isolated, and its specific toxin or poison-producing power re- 
ported herewith, the tentative conclusion seems warranted 
that this organism has etiologic significance in each of the 
diseases studied.” 


FILTRABLE VIRUSES 
The researches on the etiology of epidemic encephalitis 
have dealt more with filtrable viruses than with any other 
agent. 
Instead of arranging this work chronologically it seems 
better to consider these viruses in three groups: 


A. Those that have been quite definitely disproved, 
by later work, as possible etiologic agents. 

B. Those in regard to which too little work has been 
done to permit of any definite conclusions. 

C. Those viruses closely allied to, or identical with, 
the herpes vitus, which have been isolated in 
several instances from the brain or spinal fluid 
in cases of epidemic encephalitis. 


Group A.—Since 1921 Kling and his co-workers, Davide 
and Liljenquist, have contributed numerous articles on the 
etiology of epidemic encephalitis. In 1921 (K 67, K 68, 
K 69, K 70, K 81) they reported that they had reproduced 
epidemic encephalitis in rabbits by inoculation with brain sub- 
stance, cerebro-spinal fluid, nasopharyngeal secretions and 
washings of the intestinal tract. The disease in rabbits was 
usually chronic, often lasting from forty to fifty days or longer, 
and it was also stated that the animals sometimes had no 
symptoms and yet showed the pathologic lesions. The injec- 
tions were made in the brain and also in the peritoneal cavity. 
The virus was carried on in series. Attempts to reproduce the 
disease in monkeys were unsuccessful. 
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It was stated that the virus was filtrable, was not cultivable, 
and was preserved in glycerin. 

In 1922 (K 65, K 71, K 72, K 73, K 74, K 75, K 76) they 
reported further studies. It was stated that ten strains of virus 
had been isolated from cases of epidemic encephalitis—four 
of cerebral, four of nasopharyngeal, and two of intestinal, 
origin. They again stressed the chronicity of the disease in 
rabbits, stating that it lasted from one to seven months and 
that pathologic lesions were found in rabbits that had failed 
to show symptoms. They stated that they had found no cases 
of spontaneous encephalitis in the new rabbits which they 
examined. They were unable to reproduce the disease in apes, 
thirty inoculations having been made with negative results. 

The authors were interested in the experiments published 
by Levaditi, Doerr and Schnabel, and others and suggested 
the possibility that the viruses isloated by these workers were 
forms of herpes virus. To study this point further they isolated 
two strains of herpes virus and studied them in comparison 
with their own strains of virus. They found that the herpes 
virus was pathogenic for rabbits, guinea pigs and white mice, 
while theirs was pathogenic only for rabbits; that the herpes 
virus produced an acute encephalitis, while that produced by 
theirs was chronic; that corneal inoculation with the herpes 
virus produced a kerato-conjunctivitis, followed by an acute 
encephalitis, while with theirs there was a thickening of the 
corneal epithelium, followed by a chronic encephalitis; that 
the pathologic lesions in the brain were different; that there 
was no cross-immunity between the two kinds of viruses; and 
that both were filtrable and resistant to glycerin. They further 
stated that the serum of convalescent patients of epidemic ence- 
phalitis neutralized their virus to a considerable degree, while 
it did not do this with the herpes virus. 
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They also reported the isolation of their virus by inoculating 
rabbits with spinal fluids of patients in the chronic stage of 
the disease. 

In 1923 (K 66, K 77) the articles published repeated the 
statements previously made. The additional fact was added 
that while Levaditi’s virus and the herpes virus were destroyed 
at 55° C., the Swedish virus resisted heat at 65° C. 

In 1924 Kling, Davide and Liljenquist published three 
papers (K 78, K 79, K 80) in which they stated that they 
had taken great care to rule out the possibility of spontaneous 
encephalitis in rabbits as a factor in their experimental work. 
They reported that they had isolated twenty-three stocks of 
virus from cases of epidemic encephalitis. 

The statements made by Levaditi, and Doerr and Zdansky 
as to the identity of the Swedish ‘virus’ with spontaneous 
encephalitis were discussed at length. 

Meantime they had obtained a specimen of Levaditi’s virus 
and had shown its close relationship in symptomatology, his- 
tological changes and immunity reactions to the virus of 
herpes. 

Kling asked why, if this herpetic-like virus is the cause of 
encephalitis, he had never isolated it in the sixty-eight cases 
he had examined. The answer is indeed diffcult; however, 
as will be stated later in more detail, Doerr and Zdansky did 
isolate a herpes strain from a brain sent them by Kling. 

In 1927 Kling (K 66b) published a paper in which he 
expressed somewhat modified views, though apparently not 
fully accepting the opinions of several investigators that the 
Swedish ‘“‘virus’’ is identical with spontaneous encephalitis in 
rabbits. In this article it is stated that the Swedish virus 1s 
non-filtrable, thereby contradicting the statement made in 
several earlier papers that it is filtrable. 
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Meantime Levaditi, Nicolau and Schoen in 1923 and 1924 
(L a0) Winwd? Deary, Le2iey Ie zioy'L eons Ehge2yihied 
examined the “virus” of Kling and had pronounced it to be 
the same as spontaneous encephalitis in rabbits. 

Doerr and Zdansky also in 1923 (D 137) had stated that 
the granulomas in the brains of some rabbits innoculated with 
Kling’s virus were probably due to a parasitic infection of 
the animals entirely different from human encephalitis. In 
1924 (D 140) they repeated these statements. Schnabel in 
1924 (S 104) corroborated this. 

Auriat and Flye Sainte Marie (A 164) in 1924 reported 
the corneal inoculation of a rabbit with the spinal fluid of a 
Parkinsonian case. No corneal reaction developed and the 
animal was sacrificed four months later. Histological lesions 
were found in the brain, including nodules. It is, therefore, 
probable that the lesion was that of spontaneous encephalitis. 

In 1925 and 1926 F. H. Lewy, F. M. Lewy, Frankel, 
Kuttner and Kantorowicz (L 246, L 247, L 248, L 249), after 
making comparative tests with Kling’s virus and the virus 
of “street distemper’’ in dogs, concluded that there was a 
cross immunity between these two viruses. They stated that 
Kling’s virus was not filtrable, but that the virus of distemper 
was filtrable. Levaditi’s herpes-encephalitis virus was found 
filtrable and there was no cross immunity either with Kling’s 
virus or with the virus of distemper. 

Koritschoner in 1923 and in 1925 (K 100, K 101) te- 
ported the isolation of viruses from two fatal cases of enceph- 
alitis or myelo-encephalitis in which the subjects had been 
bitten by rabid dogs about six weeks prior to the onset of 
the acute illness. The viruses were first isolated by subdural 
injections in rabbits of an emulsion of the brain. Later the 
virus was successfully injected in dogs. Luger and Lauda 
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(L 347) examined this strain and considered it to belong 
to the herpeto-encephalitis group, although they differed in 
some details. Levaditi in 1925 (L 178) expressed the opinion 
that this virus closely resembled rabies virus. ‘ 

Doerr and Zdansky (D 140) repeated Koritschoner’s ex- 
periments in general, using his virus, but they were not con- 
vinced of the diagnosis of the patients from which it was 
isolated, and did not consider that it belonged to the group 
of herpeto-encephalitis viruses. 

Schweinberg in 1925 (S 135) stated that the histologic 
changes, both in the human brains from which the virus was 
obtained, and in the brains of the experimental animals, could 
be interpreted as rabies quite as well as encephalitis. He 
reviewed the history of the cases in detail, and showed that 
they pointed to rabies. It is pointed out by Schweinberg, and 

_also by the other investigators, that this virus is pathogenic 
for dogs, whereas the herpeto-encephalitic virus is not; and 
that when injected corneally in a rabbit it does not produce 
a keratitis as does the herpeto-encephalitic virus. Immunity 
tests were then carried out which convinced Schewinberg that 
the Koritschoner virus was really a “‘street virus’ stock. 
(Takagi in 1926 (T 6) stated that it was a form of virus 
fixé.) 

Flexner in 1927 (F 66) stated that this virus is a strain 
of rabic virus. 

Kobayashi in 1925 (K 87) reported the results of his ex- 
perimental work in the Japanese epidemic of 1924. After 
numerous unsuccessful attempts to secure a virus by inoculat- 
ing rabbits subdurally or in the cornea with specimens of 
brain, spinal fluid, etc., it was found that the brain emulsion 
of one patient, a typical case both clinically and histologically, 
was capable of producing symptoms of encephalitis in rabbits 
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at the third passage. A part of the brain of this patient was 
taken to the Kitasato Institute, where further studies were 
made. 

It was found that the dog, cat, mouse, rat, guinea pig and 
pigeon were all susceptible to the virus after passage through 
rabbits. Corneal inoculation was not so successful as sub- 
dural and it did not produce herpes of the cornea. The author 
stated that the symptoms in the dog, cat, rat and mouse 
closely resembled those following inoculations with fixed rabic 
virus. 

The virus was not filtrable through a Berkefeld N or 
Chamberland L, or L, filter; it was preserved in 33 or 50 
percent glycerin for two months, but with some loss of 
virulence; it was not killed by heat at 55° C. for thirty min- 
utes, but was destroyed at 60° C. for thirty minutes. 

Cell inclusion bodies closely resembling Negri bodies, but 
smaller, were found in the brain of both the human case and 
the dogs and rabbits. 

Cross immunity tests showed the same reaction with both 
rabic virus and this Japanese virus. 

However, the author pointed out: (1) that in the rabbit 
the distribution of the rabic virus was mainly in the cord, 
while that of the “encephalitic’’ virus was mainly in the 
brain; (2) that the course of the disease with the rabic virus 
was much more acute than with the “‘encephalitic’ virus; (3) 
that the rabic virus was more pathogenic for dogs than the 
“encephalitic’” virus by subdural, and especially by corneal, 
inoculation. 

A portion of this virus was sent to Dr. Flexner and was 
examined by Cowdry (C 236). After extensive experiments 
in cross immunity with this virus and a fixed rabic virus he 
concluded: “Since the symptoms produced in experimental 
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animals by the encephalitis virus of Kobayashi and by the 
virus of rabies are similar, and are accompanied by lesions 
which are indistinguishable, and since a cross immunity is 
demonstrable between the two viruses, the conclusion is ad- 
vanced that the specimen of so-called encephalitis virus isolated 
by Kobayashi is in reality a specimen of rabic virus.” 


Group B.—Vituses which cannot be exactly classified. 

Several groups of viruses have been isolated which have 
not been studied in such a way that it is possible to classify 
them with the herpes-like viruses to be described in the next 
section. The most important of these viruses are those isolated 
by McIntosh, both on account of the priority of the first virus 
isolated by him, and of the unquestioned reliability of his 
work. 

In 1920 McIntosh and Turnbull (M 222) reported the 
inoculation of two monkeys, September 19, 1919, with the 
brain emulsion of a fatal case in the Derby epidemic. One 
monkey, a Macacus rhesus, was discarded, as it was found to 
have tuberculosis. The second, a Cercopithecus patas, inocu- 
lated with one cc. intracerebrally and five cc. intraperitoneally 
of filtered brain emulsion died November 14, 1919. Except 
for a “‘fit’ on September 25, accompanied by fever, tremulous- 
ness and excitability, the animal was quite well until Novem- 
ber 6. On that date a severe ‘fit’ occurred, and after this 
there was rigidity, trembling, a tendency to lethargy, and dis- 
inclination for food. At necropsy nothing abnormal was found 
in any of the internal organs, and no gross lesions of the 
brain, except some congestion of the grey matter. On micto- 
scopic examination very definite lesions were found which 
ate described in detail. These consisted, in brief, of peri- 
vascular infiltration and focal areas of infiltration located 
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mainly in the left basal ganglia and in the junction of the 
left basal ganglia with the mid-brain. These lesions were con- 
sidered by McIntosh to reproduce the chief characteristics of 
human epidemic encephalitis. 

An emulsion of the brain and cord of this patas monkey 
was injected intracerebrally and subcutaneously in three mon- 
keys. 

The conclusion of the experiments was reported by Mc- 
Intosh (M 218). Two of these monkeys (Macacus cynomol- 
gus)—the third monkey was not referred to in the second 
paper—were reinoculated fourteen weeks later. After the sec- 
ond inoculation one of the monkeys developed symptoms and 
was killed in about two months. Characteristic lesions were 
found in the brain. An emulsion of the brain and cord of this 
monkey was injected intracerebrally and subcutaneously in 
three rabbits. Two animals developed suggestive symptoms. 
One recovered, the other was killed on the eighth day after 
inoculation and showed histologic lesions in the brain. An 
emulsion of the brain and cord of this rabbit was injected 
intracerebrally in three other rabbits, one of which developed 
similar symptoms. 

A third monkey (Macacus cynomolgus), which was kept 
as a control with an inoculated monkey, developed practically 
the same symptoms and died. The autopsy showed normal 
organs, except for a slight congestion of the brain. A micro- 
scopical examination of the brain revealed lesions in the basal 
ganglia. The facts would seem to justify. the conclusion that 
this monkey contracted epidemic encephalitis from his associa- 
tion with infected animals. It is also interesting to note that 
he developed symptoms earlier than the inoculated monkeys, 


indicating that the monkeys were infectious some time before 
the development of symptoms. 
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Later, in 1923 and 1924, McIntosh (M 219) reported the 
successful inoculation of rabbits intracerebrally with brain 
emulsion in three out of five cases, and with spinal fluid in 
one out of three cases. The conclusions were based both on 
the symptoms developing in the rabbits and the histologic 
changes in the brain. Attention was called to the possibility 
of spontaneous encephalitis developing in rabbits, so it is cer- 
tain that this factor was ruled out in these experiments. 

Articles published by McIntosh, by himself in 1927 (M 
220, M 223), and in collaboration with Scarff in 1928 (M 
221), emphasized the care that had been taken in eliminating 
spontaneous encephalitis in rabbits as a possible source of 
error in the experimental work, discussed the possible relation- 
ship of the virus of epidemic encephalitis and herpes virus, 
and described the histology in detail. 

Netter, Césari and Durand (N 73, N 74) in 1921 reported 
that in two cases out of ten they were successful in transmit: 
ting the disease to the rabbit by subdural inoculation with 
the filtrate of a brain emulsion. With the brain and salivary 
glands of the rabbit, other rabbits were inoculated successfully 
up to the fourth passage. The virus retained its virulence 
after being kept on ice for thirty-two days in 50 percent 
glycerin. 

In Japan a number of viruses were isolated in the epidemic 
occurring in the summer of 1924. The exact nature of these 
viruses, except Kobayashi’s, has not been determined and the 
problem is made more difficult by a recent article by Kaneko 
and Aoki (K 14a). These writers suggest the possibility 
that two kinds of encephalitis have been prevalent in Japan: 
one type, the same as that occurring in the western hemi- 
sphere, designated as Type A; the other, more or less endemic 
in Japan, but sometimes, as in 1924, reaching serious epidemic 
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proporuons, designated as Type B. However, Flexner (F 
66), after examining specimens from the brains of fatal cases 
of the epidemic of 1924, has stated that the lesions closely 
resemble those in epidemic encephalitis in Europe and Amer- 
ica, and that the disease was probably identical with that 
occurring elsewhere. 

Perhaps the most important work was done by Takagi (in 
some references spelled Takaki). In 1925 (T 5) he reported 
the isolation of six strains of virus from eight fatal cases by 
inoculation in rabbits. It is stated that 500 rabbits were used 
in the experiments, of which 58 percent gave positive results. 
The results were regarded as positive when (a) the inoculated 
animals had typical symptoms, (b) the brain did not show 
micro-organisms by culture, and (c) it was possible to transfer 
the virus to the next animal. 

It was stated that an emulsion of the brain, proved sterile 
by culture, was used for inoculation into the brain, eye, con- 
junctiva, nose, testicle and skin. Positive results were obtained 
by all these methods, except the last. It was not stated whether 
all these methods were used successfully with the emulsion of 
the human brain, or only with the virus of passage. 

The symptoms included sluggishness, emaciation, increased 
salivation, paralysis and fever. The animals died in from 
two to four weeks after inoculation. Experimentally, the virus 
was found in the brain, spinal fluid, blood, liver, spleen, 
kidney and salivary glands. Conjuctival inoculation produced 
no local lesions. When inoculation was made into the eye, 
an ititis developed, followed by glaucoma and atrophy. The 
symptoms, the lesions in the eye and the duration of the dis- 
ease, are therefore quite different from those of the herpes- 
like encephalitis virus. Cross immunity tests also showed that 
this virus was different from that of herpes. 
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It was shown that the serum of convalescent patients con- 
tained immune bodies with respect to this virus. Immune 
bodies were also found in the blood and brain of inoculated 
animals. 

The virus was filtrable, transferable in passage, was pre- 
served in 33 to 50 percent glycerin for three months, was 
sterile by culture, and was killed at 55° C. in an hour. 

In 1926 the main facts of the article just reviewed were 
reprinted in Vienna (T 6) followed by two other communica- 
tions, the third being written in collaboration with Bonis and 
Koref (T 7). 

The virus isolated by Takagi was named the virus of en- 
cephalitis japonica, as 1t was not entirely certain that the dis- 
ease in Japan was identical with that occurring elsewhere. 

The virus of encephalitis japonica and also the virus of 
herpes japonica were compared with various other viruses: 
Levaditi’s encephalitis virus, Levaditi’s herpes virus, the viruses 
isolated by Doerr and Lauda, Koritschoner’s virus, Silberstein’s 
virus and others. 

After studying the symptoms produced in rabbits by the 
inoculation of these different viruses, and after making exten- 
sive, tests in regard to immunity and virulence, the author con- 
cluded that the various herpetic-encephalitic viruses, with 
the exception of the virus encephalitis japonica, could not be 
differentiated experimentally nor serologically; that the virus 
of Silberstein did not agree with the herpetic-encephalitis 
viruses; that the virus of Koritschoner was related to virus 
fixé; and that the virus encephalitis japonica was easily differ- 
entiated from the other viruses and must be considered in- 
dependently. 

In view of this Takagi was of the opinion that the Japanese 
epidemic was a specific, independent disease. 
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Until more work is done with the virus of Takagi, the entire 
question must remain in doubt. 

Nishibe (N 108, N 108a) in 1925 reported that fifteen 
strains of virus (ten from the brain, four from the spinal 
fluid, one from the saliva) had been isolated in Japan in 1924 
from cases widely distributed. Apparently these included the 
six strains reported by Takagi. 

These studies were mainly on the histo-pathology of ex- 
perimental encephalitis in rabbits. 

In order to test a theory propounded by Miyagawa, that 
certain organ and tissue cells give rise to destructive changes 
in the corresponding organs and tissues of injected animals, 
rabbits were inoculated subdurally and intraocularly with a 
brain emulsion of healthy rabbits. No lesions were found in 
the brains of these animals. 

Nishibe stated that the strains were very similar. He called 
attention to the existence of spontaneous encephalitis in the 
rabbits of Japan. He stated that for this reason meningeal 
and perivascular infiltration could not be taken as criteria of 
the successful production of experimental encephalitis. He 
relied rather on the marked degeneration of the ganglion cells, 
especially those of the mid-brain and thalamus. He commented 
on the fact that the lesions produced by the encephalitis virus 
and the herpetic virus could not be differentiated microscopi- 
cally. In 1926 (N 109) he emphasized these changes in the 
nerve cells as a differential point in distinguishing the lesions 
produced by the herpes and by the encephalitis viruses. 

Flexner (F 66) was of the opinion that too much reliance 
should not be placed on these changes in the nerve cells, 
especially as such changes are not characteristic of the lesions 
in the human brain. 


Komatsu and Yamasaki in 1925 (K 96) reported the suc- 
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cessful isolation of a virus or viruses (the number is not 
clearly stated) using the brain tissue, spinal fluid and spinal 
cord from five fatal cases. Rabbits were inoculated in various 
ways with this material, with the development of symptoms 
and histologic changes in the brain in about 10 percent of the 
animals. The symptoms were similar to those described by 
Takagi. The virus could be carried on in series. The incuba- 
tion period was usually from seven to thirty-two days. 
Attempts to produce the disease in two Japanese monkeys were 
unsuccessful. 

The investigators mentioned spontaneous encephalitis in 
rabbits and stated that they did not believe that this accounted 
for the histologic changes they observed. 

Ito, Tsuchiya and Nakajo in 1925 (I 14, I 15) wrote that 
they were able to obtain viruses by subdural and corneal 
inoculations in rabbits with a filtered emulsion of the brain 
of three fatal cases of epidemic encephalitis. The animals 
that reacted died in from four to thirty days. The symptoms 
were similar to those described by Takagi. Histological 
changes were found in the brain. 

The authors’ conclusions were: 

1. The disease is infective to the rabbit and transmissible 
in series. 

2. The virus is filtrable. 

3. The causative factor in the present epidemic has no 
relation to the herpes virus, as none of the rabbits developed 
herpes of the cornea. 

In the second paper the virus was studied more in detail, 
as were also certain cultivable bacteria which had occasionally 
been isolated from human cases and rabbits. From these 
studies the following conclusions were drawn: 

1. The virus is filtrable and can be transmitted in series. 
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2. The virus resists heat at 60° C. for twenty minutes, but 
is killed at 80° C. for twenty minutes. 

3. The virus is infective for guinea pigs and rats. 

4. It is not found in the blood, spleen or liver of the 
rabbits. 

5. Immunity cannot be demonstrated in an inoculated rabbit 
in from thirty-nine to sixty-five days. 

6. Eleven strains of bacteria, isolated from human cases 
and rabbits, were not considered as etiologic factors. 

7. Filtered emulsion from the rabbit brain was culturally 
negative. 

8. Encephalitozoon cuniculi were not found in smears or 
sections. 

9. A form of inclusion bodies was found in the nerve cells 
at the angle for the hippocampus. 

Kojima and Ono in 1925 (K 92a) reported the successful 
inoculation of rabbits by the intracerebral and orbital routes, 
using fresh spinal fluid. The virus could be carried on in 
series from the brains of the animals. They were also success- 
ful with the brain of a fatal case, using both filtered and 
unfiltered emulsions. 

It is impossible to state whether or not the viruses just 
described were included in the list of fifteen mentioned by 
Nishibe. 

Kaneko and Aoki (K 14a) in 1928 published a com- 
prehensive study of encephalitis in Japan. In this article a 
number of references are cited to publications in Japanese 
journals not available to us. It is probable, however, that the 
most important work done by the Japanese has appeared in 
the publications to which we have had access. 

It is stated that Chuin and his co-workers succeeded in 
transferring the disease (Type B) to animals; that Tsuda 
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obtained positive results in from 42 to 71 percent of cases, 
with brain emulsion, spinal fluid and blood, using rabbits 
and monkeys; that Watanabe and his co-workers made a suc- 
cessful transfer to monkeys, using blood serum; and that 
Yamaoka was successful in producing the disease in monkeys 
in nine out of ten cases and in rabbits in six out of ten cases, 
following subdural inoculations, and in monkeys in eight out 
of ten cases and in rabbits in four out of ten cases, following 
ocular inoculations. No definite data are available regarding 
these viruses. 

Bessemans and Van Boeckel of Belgium in 1923 (B 191) 
reported that of sixty-one rabbits and thirty-two guinea pigs 
inoculated in various ways with spinal fluid or brain emulsion 
from four cases of encephalitis, seven rabbits and two guinea 
pigs inoculated subdurally or intracerebrally died at the end 
of the third or fourth week. It was possible to transmit the 
disease by an emulsion of the brain to the third or fourth 
generation. 

Danila and Stroe in 1923 (D 23, D 24, D 25, D 26) 
claimed. that they had isolated from cases of epidemic enceph- 
alitis strains of virus which were encephalitogeneous but 
not keratogeneous. These strains were apparently derived 
from the brain of a patient in one instance, and in the other 
from a vesicle on a patient supposed to be suffering from an 
atypical sporadic case of epidemic encephalitis. They stated 
later that on further passages the affinity of these strains some- 
times changed. 

Sicard, Paraf and Laplane in 1923 (S 208) reported that 
an emulsion of the brain of a patient dying four years after 
the onset of epidemic encephalitis, was injected in the brain 
of six rabbits and on the cornea of two rabbits. Four of the 
animals died in forty-eight hours, and two in thirteen and 
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fifteen days. Transfers from these rabbits were successful. 
Histologically the rabbits’ brains showed typical lesions of 
encephalitis. 

Szymanowsky and Zylberlast-Zand in 1923 (S 409) stated 
that of fifty-five rabbits inoculated corneally or subdurally with 
brain emulsion, spinal fluid or nasopharyngeal discharges, 
eighteen gave positive results. It is stated that the course of 
the disease in the rabbits was both acute and chronic. It is 
probable that these chronic forms may have been due to 
spontaneous encephalitis. The authors called attention to the 
existence of this condition. 

Ottolenghi, Brotzu and D’Antona in 1923 and 1924 (O 
47) reported that by injecting spinal fluid in rabbits and 
guinea pigs, using the corneal or intracerebral routes, a virus 
was obtained which they called “Siena.” In one instance 
they were able to produce a slight keratitis by corneal inocula- 
tion. This keratogenous property did not continue through 
successive passages, but the encephalitogenous power persisted. 
The authors found that other diseases of the central nervous 
system produced the same effect. There was no cross immunity 
between the herpes virus and the virus “Siena.” 

Zannelli and Santangelo (Z 5) in 1921 reported a high 
percentage of positive results, with both guinea pigs and rab- 
bits, using spinal fluid or blood serum for inoculation sub- 
durally in the anterior chamber of the eye, intraperitoneally, 
on the chilled nasal mucosa, and in the nasal submucosa. The 
incubation period was forty-eight hours to thirty-one days. 
They stated that the virus could be passaged through several 
generations, that it was filtrable and bacteriologically negative. 

In 1923 Santangelo and Zannelli (S 54) reported the suc- 
cessful inoculations of three out of five spinal fluids in rabbits 
and guinea pigs, subdurally and in the cornea. They stated 
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that following the inoculation in the cornea a keratitis de- 
veloped and the animal died in about two months. With the 
transfer stock a milder keratitis developed and the animal 
lived. The successive transfers of the brain, subdurally, 
showed attenuation, rather than increase, of virulence. 

Lalung-Bonnaire and Pons (L 40) reported in 1923 that 
in experimental work done at the Pasteur Institute of Saigon 
they were successful in producing encephalitis in the rabbit 
by intracerebral inoculation with the brain emulsion of a fatal 
case. The virus could be transmitted in series, the duration 
of the disease decreasing from forty-six to six days in the 
course of transfer. Attempts to transfer keratitis in series 
were unsuccessful after the third passage. 

Joltrain and Hutinel (J 50) related the results of an inter- 
esting experiment, the conclusions of which are somewhat 
indefinite on account of the combination of two diseases. The 
spinal fluid of a patient, who also had syphilis, was injected 
in the brain of a rabbit. The rabbit died in a few days with 
encephalitis. A second rabbit, injected in the brain with spina} 
fluid, died in thirteen days. An emulsion of the brain of the 
first rabbit was injected in two rabbits, one of which died 
suddenly. The other developed symptoms—a rise in tempera- 
ture, somnolence and myoclonic spasms. It apparently re- 
covered in about twenty-five days, but five months later lost 
weight and died with myoclonic spasms. An emulsion of its 
brain was injected in another rabbit, which died in thirteen 
days. This would weigh against spontaneous encephalitis as 
the cause of death in the preceding rabbit. A rabbit in the 
cage with the rabbit suffering the relapse was with young. 
Out of five young rabbits three died at once. A fourth 
was normal for two and a half months, when it suddenly 
developed trembling and myoclonic spasms and died in seven 
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days. An emulsion of its brain injected intracerebrally in a 
rabbit resulted in death one month later. The brain emulsion 
of this rabbit, injected in the brain and cornea of two other 
rabbits, resulted in death. The corneal inoculation was fol- 
lowed by keratitis. The authors concluded that the pregnant 
rabbit contracted encephalitis from her cage mate and trans- 
mitted it to her offspring. 

The short period of incubation in some of the rabbits in 
this series and the production of keratitis would seem to show 
that the authors were not dealing with spontaneous ence- 
phalitis. 

Boutroux in 1921 (B 333) reported the inoculation intra- 
cerebrally of a rabbit with the filtrate of washings of the 
nasopharynx and an emulsion of the brain substance of a 
patient, who also had a positive Wassermann reaction. The 
animal died in seven or eight days and the histologic lesions 
were considered typical of experimental encephalitis. 

Dechaume (D 55) in 1927 reported a patient with epi- 
demic encephalitis who gave a positive Wassermann reaction 
only in the spinal fluid. The histologic lesions were those 
of epidemic encephalitis, and the author concluded that the 
positive Wassermann reaction was only incidental. He quoted 
Bériel and Guillain, who agreed that the spinal fluid may show 
a positive Wassermann reaction in epidemic encephalitis. 

Experiments were performed with the brain emulsion of 
this patient by Dechaume and Lebeuf (D 57). Inoculation 
was made in the menigeal space of young rabbits. One rabbit 
developed convulsions and torpor and died in seven days. The 
virus was passaged through several rabbits. The material was 
negative bacteriologically. It was not filtered. 

Gerbasi and Guiffré in 1926 (G 52) reported the success- 
ful inoculation of rabbits with spinal fluid from four cases 
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and the brain substance of a fifth case. The inoculations were 
intracranial or corneal. Keratitis sometimes followed the 
corneal inoculations. In one instance the virus could be pas- 
saged. The authors stated that the brains of all animals were 
carefully examined and that there was no evidence of sponta- 
neous encephalitis. Anaerobic cultures were made from the 
materials used in inoculation and positive results were 
obtained, with which the same results were obtained by 
inoculation as by the inoculation of the virus. 

Blum in 1928 (B 247) reported the results of inoculation 
of material from the brain of a patient who had suffered 
from epidemic encephalitis for three years and who died of 
pulmonary tuberculosis. A virus was obtained by inoculating 
the scarified cornea of three rabbits. Keratitis occurred and 
the vesicles caused passages in two other rabbits. A fixed 
stock from the rabbit's brain was virulent after being kept 
in glycerin for one month. Unfortunately it was found to 
have lost its virulence after being kept in glycerin for two 
months, and it could not be reactivated. The lesions in the 
rabbits’ brains were typical. The cultures were sterile. 

From a study of these experiments it would seem that in 

several instances results were obtained that were sometimes 
definite and sometimes very suggestive of the isolation of a 
virus from patients suffering from encephalitis. Unfortunately 
the study of these viruses was not carried to a point that 
permits conclusions to be drawn in regard to their exact nature. 
These results do, however, add considerable weight to the 
theory that epidemic encephalitis is caused by a virus. 
_ The extensive experimental work in connection with the 
Australian X-disease is referred to somewhat briefly, as the 
weight of opinion is that this disease was not epidemic enceph- 
alitis. 


76 ETIOLOGY 


Flexner (F 64) pointed out that the histo-pathology of the 
lesions of the central nervous system in this disease resembie 
those of poliomyelitis much more closely than those of epi- 
demic encephalitis, and that the seasonal occurrence corre- 
sponds with that of poliomyelitis. However, he called atten- 
tion to the fact that the high mortality (70 percent), the 
small percentage of residual paralysis, and the occurrence of 
two known cases with signs of mental disorder following the 
disease, were unlike the usual manifestations of poliomyelitis. 
The age distribution was also somewhat different. 

Moreover, in personal letters to the author, Dr. Cleland 
and Dr. Campbell have stated that they do not consider that 
the outbreak was one of epidemic encephalitis. They believe 
that it was a distinct disease more closely related to polio- 
myelitis than to epidemic encephalitis. 

Breinl, in 1918 (B 371), reported the intracerebral inocula- 
tion in a monkey of 0.5 cc. of spinal fluid. The monkey be- 
came paralyzed and was chloroformed on the sixteenth day. 
Typical lesions were found in the brain. An emulsion of the 
brain and cord was injected into the brain of another monkey, 
which died of acute gastro-enteritis on the seventh day and 
showed no lesions in the brain. 

An emulsion of the spinal cord of another fatal case was 
injected in a monkey. He became paralyzed on the twelfth 
day and was chloroformed five days later. There were diffuse 
infiltrations in the grey matter of the brain and cord and also 
perivascular infiltrations. 

Cleland and Campbell (C 154, C 155, C 157) carried on 
very extensive experimental work in connection with this dis- 
ease. With an emulsion of the brain and cord of three 
fatal cases, they were able, by intracerebral inoculations, to 
produce the disease in five monkeys (Macacus rhesus). (In the 
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monkey the disease ran a characteristic course, incodrdination 
and violent, irregular muscular movements usually predomi- 
nating over any paralysis or paresis.) Attempts to inoculate 
another specimen (Macacus cynomolgus) were unsuccessful. 

The virus was conveyed by an intracerebral inoculation of 
the brain and cord from monkey to monkey through fourteen 
generations. The disease was transmitted by the same method 
from monkey to sheep ten times, from sheep to sheep, and 
back again to a monkey, from which a further series of mon- 
keys was inoculated. The sheep showed a certain degree of 
immunity, about one out of three showing a definite “take.” 
One horse and one calf were successfully infected with the 
monkey's brain. 

The inoculation, with virus from the brain of a monkey, 
of four dogs, two kittens, three rabbits, two guinea pigs and 
one fowl was unsuccessful. 

Intraperitoneal, intrasciatic and intravenous inoculations 
with virus-containing material, also intracerebral inoculations 
with spinal fluid, with a filtrate of faeces, and with naso- 
pharyngeal swabs from human cases and contacts, all failed. 

It was stated in 1919-20 (C 155) that the virus was held 
back completely or to a great degree by the Berkefeld filter, 
but, in a personal letter in 1928, Dr. Campbell stated that the 
virus was filtrable. Presumably later work was done which 
has not been published, or which at any rate has not come 
to Our notice. 

Storage of the virus-containing material in diluted glycerin 
in a cool place for more than a few days reduced or annulled 
its virulence. All bacteriologic work gave negative results. 

Treatment of the virus-containing material with (a) normal 
human serum, (b) serum from recovered cases of polio- 
myelitis, and (c) serum from X-disease sheep, prolonged the 
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incubation period of the disease in the monkey, but did not 
destroy the virus. 

It was found impossible to learn whether or not those who 
recovered from the disease later developed symptoms of the 
chronic stage, so characteristic of epidemic encephalitis. Dr. 
Cleland and Dr. Campbell made an effort to do so, but on 
account of the wide distribution of the patients in more or 
less isolated places, it was believed that it would be difficult. 
Dr. Cleland wrote that of the forty patients who recovered 
from the first outbreak, three had paralysis and two had signs 
of mental disorder at the time the report of the epidemic 
was written. 

The Australian X-disease has been so widely discussed in 
connection with epidemic encephalitis that it has seemed best 
to include some data in this report. Many points—the clinical 
symptoms and after-effects, the high mortality, the symptoms 
of the inoculated monkeys, the failure of convalescent polio- 
myelitis serum to neutralize the virus, the production of the 
disease in sheep, a calf and a colt—seem to differentiate it 
quite definitely from poliomyelitis, in spite of the similarity in 
the histo-pathology described by Flexner. Competent observers, 
Cleland and Campbell, state that it was not epidemic encepha- 
litis, and this opinion is borne out by Flexner’s observations 
on its histo-pathology. 

Was this disease then a distinct clinical entity, or is there 
a possibility that it was an unusual form of epidemic encepha- 
litis? It has been the experience of all who have studied this 
disease that it shows wide variations at different periods. 

If the Japanese outbreak of 1924 was, as is believed by 
many, a form of epidemic encephalitis, it certainly exhibited 
a marked variation from most other epidemics, both in its 
clinical features and in its seasonal occurrence. 
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The success that Cleland and Campbell enjoyed in isolating 
the virus, whatever the true nature of the disease, was doubt- 
less due to the fact that the cases were so rapidly fatal. The 
successful inoculations were made with material from patients 
who had died in the second, third and fifth days, respectively, 
of the illness. 


Group C.—Viruses closely allied to, or identical with, the 
herpes virus. 

This group of viruses is of the greatest interest and im- 
portance in relation to the question of the etiology of epidemic 
encephalitis. They have all been carefully studied in many 
details and their close relationship to the virus of herpes has 
been established. Several of the viruses have been compared 
and have been found to be of the same general nature. 

1. Levaditi and Harvier (L 184) were the first to isolate a 
virus belonging to this group. On February 10, 1920, an 
emulsion of the brain of a patient, who had died on the 
ninth day of the disease, was injected intracerebrally in two 
rabbits and a monkey. The patient had facial herpes, but the 
lesions in the brain were typical of epidemic encephalitis. The 
monkey and one rabbit showed no symptoms. The second 
rabbit died on the eighth day with symptoms and lesions of 
epidemic encephalitis. This virus was passaged in other rabbits 
and was named virus “C.” A second virus, ‘‘Ch,” of naso- 
pharyngeal origin, was isolated a little later. This was obtained 
by rubbing the scarified cornea of a rabbit with a tampon of 
cotton which had been saturated with glycerinated water and 
left for twenty-four hours in the nostril of a patient. This 
produced kerato-conjunctivitis in the rabbit, from which 
transfers were made to the corneas of two other rabbits. Both 
these rabbits developed keratitis and one of them encephalitis, 
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with characteristic lesions in the brain. From the brain of 
this latter rabbit the virus was passaged and studies were 
made which proved its identity with virus “C.” This virus 
was isolated in March, 1921, but it is best described in an 
article by Levaditi, Harvier and Nicolau in 1922 (L 197), 
and also by Levaditi in ‘“‘Ectodermoses neurotropes” (L 174). 

A third virus was isolated by Levaditi and Harvier (L 186) 
by inoculating rabbits intracerebrally with an emulsion of the 
brain of a patient with a choreic form of epidemic encepha- 
litis. This was passaged for three generations, but it was 
evidently of a lower virulence than the viruses “Ch” and “C.” 

In 1921 Levaditi (L 169) stated that the isolation of a virus 
was made with great difficulty. After more than thirty inocula- 
tions in laboratory animals, using brain emulsion, spinal fluid, 
blood, saliva and nasopharyngeal secretions, only two fixed 
viruses were isolated. A third and less virulent virus was also 
obtained. This was evidently not so extensively studied. A 
similar virus was isolated in several instances from the saliva 
of healthy carriers (L 197). 

Virus “‘C” has been most extensively studied by Levaditi 
and his co-workers. 

Meantime in 1920, Doerr and Vochting (D 136), who 
were experimenting with the herpes virus, reported that cer- 
tain of the rabbits with herpetic keratitis also developed symp- 
toms pointing to a lesion of the central nervous system. 

In 1921 Blanc (B 235) made the important observation 
that his experiments with the virus of herpes led him to be- 
lieve that it was closely related to the encephalitis virus 
isolated by Levaditi. Blanc’s virus was somewhat less virulent, 
but he suggested that the greater neurotropic power of 
Levaditi’s strain may have been due to the more numerous 
passages in the brain of the rabbit. 
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Blanc’s work was confirmed by Doerr and Schnabel (D 
132, D 133, D 134), and by Levaditi, Harvier and Nicolau 
(L 174, L 195). It was shown that there was a cross-im- 
munity between the virus of herpes and that of encephalitis 
and also that the histologic lesions in the brain were identical. 
The difference in the virulence of the two viruses and their 
cerebral and cutaneous affinities Levaditi (L 174) expressed by 
the following formula: 


Cutaneous affinity Cerebral affinity 


Virus of encephalitis. .... + a 
Virus of herpes... ryote? -4o+ot + sete 


Numerous articles on the experiments, mainly with virus 
“C,” were published in several medical journals. The earlier 
work is summarized in Levaditi’s ‘‘Ectodermoses neurotropes’’ 
(L 174). 

The more important conclusions in regard to its general 
nature are: The virus is filtrable; may be preserved for a long 
time in glycerin, milk and water; resists drying; is destroyed 
by phenol, potassium permanganate and bile and also by heat 
at 55° C.; it is active in a dilution of 1:1000 in saline; it 
does not diffuse readily. 

Animals may be infected by inoculation in the brain, 
anterior chamber of the eye, peripheral nerve (the sciatic) 
cn the scarified cornea, in the testicle, on the scarified skin, 
on the scarified or inflamed nasal mucosa or conjunctiva. If 
the virulence is high and a large quantity of virus is 
used, the disease may sometimes be produced by inoculation 
in the muscles of the neck or in the peritoneum. Intravenous, 
subcutaneous or intracutaneous inoculations are usually 
negative. 
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In experimental animals the virus was found in the brain 
and spinal cord. It was not found in the blood, spinal fluid, 
salivary glands, the internal organs, or in a filtrate of the 
nasal mucosa. 

It was found that the virus was transmitted from the mother 
to the fetus, in the rabbit. 

The results of attempting to neutralize the virus of encepha- 
litis with convalescent human sera are summarized. The sera 
of six patients were used, and only one, that of a patient 
whose illness dated back more than a year, was found to have 
neutralizing power. The sera of patients more recently re- 
covered seemed to facilitate the development of the disease in 
rabbits rather than to retard it. 

Cross immunity tests with the virus of poliomyelitis and 
that of encephalitis proved the dissimilarity of the two viruses. 
Furthermore the virus of poliomyelitis does not produce a 
keratitis in the rabbit or monkey, nor can the disease be pro- 
duced in the monkey by corneal inoculations. 

The rabbit, the guinea pig, the monkey and the mouse were 
found susceptible to the virus. The white rat, the sheep and 
fowl were not susceptible. 

The experiments with monkeys were summarized in 1924 
(L 212). In 1920, a Macacus cynomolgus was successfully 
inoculated intracranially with virus “‘C.”’ Typical lesions were 
found in the brain and the presence of the virus in the brain 
was proved by the successful inoculation of two rabbits. In 
1923, three specimens of Macacus cynomolgus were inoculated 
cerebrally with virus “‘C.’’ One died on the eleventh day, and 
characteristic lesions were found in the brain. Attempts to 
inoculate the brain in rabbits resulted in failure. Two chim- 
panzees inoculated with the same virus as the monkeys of 
the genus Macacus survived. In 1924, two specimens of the 
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genus Cercocebus were inoculated intracranially with “C.” 
One developed the disease and died in nine days. The lesions 
in the brain were well marked and the brain was virulent for 
rabbits. 

Commenting on the large percentage of negative results in 
attempting to inoculate monkeys with the virus, Levaditi stated 
in 1925 (L 178): “Therefore in general the monkey is 
refractory to encephalitis. This resembles the disease in man. 
Monkey and man are susceptible to encephalitis only if the 
natural refractory state is lacking. This explains the frequency 
of herpes and the rarity of encephalitis. The virus of herpes 
localizes easily on the skin, mucous membrane and cornea be- 
cause these parts of the ectoderm offer in this regard a recep- 
tivity superior to that of the nerve axis. Modification of the 
‘soil’ and increase in the neurotropic affinity of the germ are 
the essential factors which allow the disease to exist.” 

2. Doerr and Schnabel (D 134) in 1921 reported the isola- 
tion of a virus ‘Bale I.” Spinal fluid (0.2 cc.) from a case 
of epidemic encephalitis was injected subdurally in a rabbit. 
Symptoms appeared on the fifth day and the animal died on 
the following day. Transfers to other rabbits were readily 
made by injecting the brain emulsion of this rabbit subdurally. 
The incubation period varied from four to eight days and 
death occurred in from twelve to forty-eight hours. 

The virus produced keratitis when used in inoculating the 
cornea of rabbits. It was pathogenic for guinea pigs and white 
mice. It was preserved in glycerin. Its presence was demon- 
strated in the blood of infected animals. Cross immunity ex- 
periments proved its identity with the virus of herpes. 

3. Doerr and Berger in 1922 (D 131) related the isolation 
of a virus ‘Bale II.” The patient from whom the virus was 
obtained was a physician who died of epidemic encephalitis. 
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The symptoms and histologic lesions in the brain were typical. 
Attempts to inoculate rabbits, intracerebrally and corneally, 
with spinal fluid resulted in failure. An emulsion of the 
brain was prepared and nine rabbits were inoculated; three 
intracerebrally with fresh emulsion, three in the cornea with 
fresh emulsion, and three intracerebrally with the emulsion 
of a portion of the brain that had been kept for three weeks 
in diluted glycerin. Only one of the nine rabbits developed 
symptoms. This rabbit belonged to the first group. The symp- 
toms developed eight days after inoculation, and death soon 
followed. The brain of this rabbit showed no organisms 
microscopically or culturally. It could be passaged in other 
rabbits by intracerebral and corneal inoculations. This last 
method resulted in keratitis. Cross immunity tests with a 
herpes virus proved the idenity of the two strains. 

4. Berger (B 134) in 1922 reported the isolation of a 
virus ‘Bale III.’’ The histologic lesions in the brain of the 
patient from which this strain was obtained showed more in- 
volvement of the cortex than is usually the case in epidemic 
encephalitis. Spinal fluid was used to inject in seven rabbits, 
without success. The injection of an emulsion of the fresh 
brain was also unsuccessful. An emulsion of a portion of the 
brain which had been kept for fourteen days in glycerin pro- 
duced encephalitis in rabbits after subdural inoculations. This 
virus could be transferred in series. 

Zdansky in 1923 (Z 8) compared stocks “Bale II’ and 
“Bale II” with each other and with a strain of herpes virus 
and found all three similar in their immunologic reactions, 
symptomatology and effects on the cornea. He also found 
that after intravenous injections of a dilute suspension of the 
brain in physiological salt solution, there was a localization in 
the brain in about 50 percent of cases, the incubation period 
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being prolonged. Levaditi had stated that intravenous inocula- 
tions were usually unsuccessful. 

5. Schnabel in 1922 (S 101) described the isolation of the 
strain “Berlin.” The spinal fluid from a patient in the acute 
stage of epidemic encephalitis was used to inoculate two rab- 
bits corneally and four others subdurally. The spinal fluid was 
negative by cultural examination. One of the rabbits inocu- 
lated subdurally developed encephalitis on the seventh day 
and died on the following day. The brain was sterile by 
culture and perivascular infiltration was found in the mid- 
brain and medulla. An emulsion of the brain produced 
keratitis when applied to the scarified cornea of rabbits. In 
one instance this progressed to a fatal encephatitis. The emul- 
sion was also injected subdurally in rabbits with the production 
of fatal encephalitis. The virus was also pathogenic for guinea 
pigs and white mice. Cross immunity tests showed the close 
relationship between this virus “Berlin” and that of herpes. 

In a later paper Schnabel (S 103) stated that the nuclear 
inclusions described in herpetic keratitis were also present in 
the corneal epithelium of rabbits inoculated with stock 
; Berlin.” 

6. Doerr and Zdansky in 1923 (D 137) reported that using 
an emulsion of a brain sent them by Kling, a virus ‘Ho- 
gander’ was isolated by corneal inoculation of a rabbit. This 
virus resembled that of herpes, both in the symptoms produced 
and the reaction of immunity. In a later article (D 140) it 
was stated that the virus was not pathogenic for the dog. 

7. Luger and Lauda in 1924 (L 347) inoculated a rabbit 
intravenously with the spinal fluid from a case of epidemic 
encephalitis. After an incubation period of eighteen days the 
animal developed symptoms. The virus ““Wien’’ was carried 
on by subdural and corneal inoculations. The incubation pe- 
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riod diminished in the course of the transfers to four days. 
The virus was pathogenic for mice and guinea pigs. 

This virus was apparently less keratogenous than the other 
strains described, but after a corneal stock was developed, it 
was easily carried on in series. Some of the animals with 
keratitis developed encephalitis with typical histologic lesions 
in the brain. 

Cross immunity tests showed the close relationship between 
virus “Wien” and the herpes virus. 

8. Perdrau in 1925 (P 83) reported the isolation of three 
viruses from the brain of three cases of epidemic encephalitis. 
A new technique was used in this work, which it seems 
desirable to give in the author's own words: 

“Pieces of the mid-brain and of the basal ganglia from 
3 acute cases of encephalitis lethargica were received pre- 
served in glycerin. In none of these cases were any herpetic 
lesions noticed during life. Case 1 died 8 days, Case 2, 60 
hours, and Case 3, 4 days after the onset of symptoms. 

“Simple cerebral inoculations of emulsions of these brains 
into rabbits remained without result, when the material had 
been only 2 to 3 days in glycerin. Attempts were next 
made to increase the virulence of the virus either by adding 
to the inoculum the activating substance referred to already, 
or by the production of the latter in the animal experimented 
upon. In the first case the activating substance added to the 
emulsions of human brain consisted of an emulsion in normal 
saline of the brain of a rabbit which had received two sets 
of intradermal inoculations of the passage virus of herpes on 
2 successive days, and which was killed 48 hours after the 
second inoculation. The brain of the rabbit was used after 
it had stayed at least 2 and not more than 3 weeks in glycerin 
in the ice-chest. The brain of an immunized animal acts 
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just as well, if mot better, under similiar conditions of 
Preservation, but there is a great saving of time by using the 
former. In the second case, that is to say for the production 
of the activating substance (henceforward referred to as an 
‘aggressin,’ although its exact nature must remain in doubt for 
the time being) in the animal under experiment, emulsions 
of the human brain to be tested were injected repeatedly intra- 
dermally and intracerebrally, usually on alternate days, for 4 
consecutive days, with or without the addition of the ‘aggres- 
sin’ in the case of cerebral inoculations. 

“It should be stated that the inoculation of the ‘aggressin’ 
brain into rabbits by the various methods given here failed 
to show the presence of the virus itself in any of them, al- 
though an intradermal inoculation into a new rabbit usually 
leads to a little local redness. The same negative result 
attended the histological examinations. 

“The results obtained with Case 1, being the most illustra- 
tive of the three, will be given in full, as considerable varia- 
tions in virulence were noticed according to the length of time 
that the human brain had been kept in glycerin in the ice- 
chest. 

“Case 1.—After 2 days in glycerin a single intracerebral 
inoculation remained without result. But when an intradermal 
inoculation was followed on the next day by an intracerebral 
inoculation, and on each of the next 7 days by cutaneous 
inoculations given by deep scarification, the scrapings of each 
scarification being used for the next, the rabbit developed the 
typical herpetic syndrome on the 12th day and died on the 
14th day. The usual histological picture of a herpetic 
encephalitis was present in its brain and the virus was easily 
passaged. In order to determine whether the ‘aggressin’ whicss 
had been added to the inoculum for the cerebral inoculation 
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was responsible for the positive result, three rabbits were 
inoculated as follows with emulsions of the brain of the same 
case after it had been 17 days in glycerin: R 431 te- 
ceived a single cerebral inoculation of the human brain alone, 
R 432 received on 3 consecutive days an intradermal, a 
cerebral and an intradermal inoculation of human brain alone, 
respectively, and R 433 received a single intracerebral inocula- 
tion of a mixture of human brain and ‘aggressin.’ R 431 made 
a complete recovery and incidentally was found to have been 
immunised by the inoculation; R 432 and R 433 died in 614 
days with a typical herpetic syndrome. (Virus E.L. 1 is de- 
rived from R 432, in which no ‘aggressin’ was used.) 

“This experiment clearly shows that the ‘aggressin’ cannot 
be the virus itself, especially in view of the fact that repeated 
inoculations of a concentrated emulsion intradermally and 
intracerebrally into new rabbits remain without effect. 

“A point of great interest in the experiments just recorded 
is the reduction of the incubation period from 14 to 7 days, 
although the material had been longer in glycerin. When 
an emulsion prepared from the brain of the same case, 
after it had been in glycerin for 43 days, was injected 
intracerebrally into a new rabbit, the latter developed the 
typical herpetic syndrome and died within 4 days. It is 
clear, therefore, that there must have been a great increase in 
the virulence of the virus during the fifteen days that had 
elapsed since the last experiment. The emulsions used were 
prepared from small pieces taken from the same areas in 
every instance. The possibility of the virus having grown in 
the preserving fluid in the ice-chest is excluded by a large 
series of experiments in which liquid culture media containing 
glycerin were used. In every instance the virus was found to 
die rapidly in them and never to diffuse into the medium. 
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The most likely explanation seems to be that according to the 
theory of the production of an antibody in infected individuals 
the rate of degradation of the virus and of the immune sub- 
stance, formed in response to the former, are not coin- 
Gidentit*. .-: 

“Case 2 died 60 hours after the onset of acute symptoms. 
Intracerebral inoculation of an emulsion of the brain of this 
case with the addition of some herpetic ‘aggressin’ as used 
for Case 1 led to no symptoms when the brain had been four 
days in glycerin. After 34 days in glycerin, intradermal 
and intracerebral inoculations given alternately on four 
consecutive days led to the production of the typical herpetic 
syndrome in 7 days. The histological examination showed 
an encephalitis of the usual type. Unfortunately owing to a 
shortage in the supply of animals the virus was not passaged 
immediately, and when it could be done the vitus was found 
to be dead. At no time did a simple intracerebral inoculation 
of emulsions of the brain of this case produce any symptoms 
when used by itself. The amount of unbalanced virus must 
have been appreciably less than in Case 1. 

“In Case 3, who died 4 days after the onset of acute 
symptoms, but who had probably been suffering from a mild 
infection for 5 months previously, an attempt was made to 
increase the virulence of the virus by intradermal passages. 
The first inoculation led to a very little local reaction, but the 
next two passages showed a very obvious one. At the third 
passage the presence of the virus was demonstrated by its 
ability to produce a very definite keratitis when injected by 
the corneal route. In this case the technique employed in 
Case 2 failed to give any results. 

“It has therefore been possible by the adoption of a special 
technique to demonstrate the presence of a virus, indistinguish- 
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able from that of herpes, in the brain of all three cases of 
encephalitis lethargica in which this technique has been em- 
ployed. From one of the cases (Case 1) a fixed virus has been 
obtained, which has been shown to be identical with that of 
herpes, including cross-immunity experiments. The only 
difference noted so far is a slightly greater virulence as shown 
by a shorter incubation period (4 days) in the case of the 
encephalitis virus (virus E,.L. 1).” 

Perdrau also stated that in the nasal washings of six cases 
out of seven, a virus was demonstrated capable of giving rise 
to a keratitis in the rabbit, and apparently identical with 
herpes. 

The following table gives a list of nine viruses, closely 
resembling the virus of herpes, isolated from cases of epidemic 
encephalitis. The third virus isolated by Levaditi and the two 
additional viruses isolated from the brain by Perdrau might 
perhaps be included, but they were not so thoroughly studied. 


HERPES-LIKE VIRUSES ISOLATED FROM MATERIAL FROM 
CASES OF EPIDEMIC ENCEPHALITIS 


Investigator Date | Name of virus Material used 

Levaditi and Harvier 1920 | C Brain 

Levaditi and Harvier 1921 | CH Nasopharynx 

Doerr and Schnabel 1921 | Bale I Cerebro-spinal fluid 
Doerr and Berger 1922 | Bale II Brain 

Berger 1922 | Bale III Brain 

Schnabel 1923 | Berlin Cerebro-spinal fluid 
Doerr and Zdansky 1923 | Hogander Brain sent by Kling 
Luger and Lauda 1924 | Wien Cerebro-spinal fluid 
Perdrau LO 25 eee lege Brain 


The number of viruses isolated and carefully studied is 
small in comparison with the numerous unsuccessful attempts 
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to transfer the disease to animals. A fairly large number of 
experiments that were suggestive, but not worked out in 
sufficient detail to be definite, were described under the head- 
ing Group B. 

A theory to account for the large percentage of failures has 
been elaborated by Perdrau and by Levaditi. In 1922 (L 
174) Levaditi observed that the virus of passage was more 
active after being kept for a time in glycerin and suggested 
that there seemed to be in the brain a substance tending to 
neutralize the virus, and that this substance was destroyed 
by glycerin. Perdrau in 1925 (P 82) stated that: “One may 
therefore conclude that the ultimate fate of the virus on reach- 
ing the central nervous system of patients suffering from 
encephalitis lethargica may be one of three: 

“(1) A local cellular immunity may result, which is capa- 
ble of overcoming the infection absolutely, with complete 
recovery of the patient. 

(2) A state of cellular immunity develops which can only 
keep in check, but not neutralize completely, the virus, and 
leads to a chronic infection, the virus being too attenuated to 
be capable of transmission to susceptible animals. 

(3) No immunity develops and the virus can be recovered 
from the central nervous system, the last being the least coim- 
mon of the three.” 

He elaborated this theory further in later articles (P 83, 
P 85). 

Perdrau also believed that the antibody deteriorated in 
glycerin more quickly than did the virus, since, as he has 
already explained in the account of his experimental work, 
the virus in the human brain increased in strength after storage 
in glycerin. It will also be remembered that Berger had nega- 
tive results after inoculation with an emulsion of fresh brain, 
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but after the brain was kept for fourteen days in glycerin the 
results were positive. Perdrau pointed out that if this theory 
is correct, the amount of virus in the brain will vary greatly. 
It is easy to see, therefore, how many negative results will be 
obtained, especially as the duration of epidemic encephalitis, 
before a fatal termination, is so variable. Perdrau also sug- 
gested that another reason for failure may be the difficulty 
encountered in infecting one species of animal with a strain 
of virus adapted to another species. This is true in passing 
from the rabbit to the guinea pig, for example, although these 
are species that are much more closely related than are the 
rabbit and man. 

Levaditi, Sanchis-Bayarri and Schoen in 1928 (L 223a) 
developed a similar theory, “‘auto-sterilization of neuro-infec- 
tions.”” They state that when the neurotropic ultra-viruses 
develop in contact with elements of the central nervous system, 
they react by lesions with a double significance—a nucleo- 
cytoplastic degeneration and a defensive process. This defen- 
sive process tends to the destruction of the virus in situ, a 
condition essential for cure. But when this process takes place 
in tissues so essential to life, the result may be the opposite 
because the intensity of the reaction may be incompatible with 
life. This would explain observations occasionally made—that 
animals die after inoculation with a virus (herpes, rabies, en- 
cephalitis) and yet the virus cannot be demonstrated in the 
brain by subsequent inoculations. The reaction has destroyed the 
virus as well as the inoculated animal. This process the authors 
call the “mortal auto-sterilization of neuro-infections.’”’ This 
would also explain the frequent failures to isolate the virus 
from persons dying with epidemic encephalitis, and the totat 
failure up the present time to isolate the virus of post-vaccinal 
encephalitis. 
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Lépine in 1928 (L 145a) published an article tending to 
corroborate Levaditi’s theory. 

Two arguments are often advanced against the theory that 
the herpes-like virus is the cause of epidemic encephalitis. One 
is, that the patient from whom Levaditi isolated stock “C”’ 
also had herpes. This was not the case in the patients from 
whom the other strains were isolated. The other argument is 
that a herpes virus is sometimes isolated from the spinal fluid 
of patients not suffering from epidemic encephalitis. Flexner 
and Amoss (F 72) isolated such a virus from the spinal fluid 
of a patient who had cerebro-spinal syphilis. This virus 
“J.B.” was carefully studied and found to be similar in all 
respects to the virus of herpes and that of encephalitis. 

Ravault and Rabeau in 1921 (R 25) referred to a study 
made by them in 1903, which demonstrated changes in the 
spinal fluids of patients with genital herpes. Later experiments 
are also given in which the spinal fluids from five patients 
with herpes were used in inoculating the cornea of rabbits. 
Keratitis did not develop. 

Bastai and Busacca (B 77) stated that they had demon- 
strated the herpes virus in the blood or spinal fluid of about 
86 percent of twenty-one patients, many with herpes. Their 
results were not confirmed by other investigators. Schnabel 
(S 104), using the spinal fluid of forty-three patients with 
herpes; Doerr and Zdansky (D 140), using six brains, three 
from patients with herpes; Fischer (F 49), using serum or 
spinal fluid from forty-three patients, many of whom had a 
herpetic eruption or a history of herpes, all failed to isolate 
a herpes virus. Nicolau and Poincloux (N 100) were also 
unable to demonstrate the herpes virus in the spinal fluid of a 
patient with recurrent herpes. 

Teissier, Gastinel and Reilly in 1926 (T 27a) were unable 
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to demonstrate the herpes virus in the blood of eight patients 
with herpes, or in the spinal fluid of fourteen such patients. 

It would seem, therefore, that the weight of evidence 1s 
against the invasion of the central nervous system by the 
virus of herpes, except as a rare occurrence. 

A certain amount of human experimentation has been done 
with Schnabel’s strain “‘Berlin.’’ Bastai and Busacca (B 78) 
inoculated with it the skin of three persons, who gave only 
a cutaneous reaction; the eye socket of a fourth, and the 
subarachnoid space of a fifth, without any reactions in the 
central nervous system. Schnabel (S 102) inoculated himself, 
with only a local skin reaction, using a virus of passage that 
produced fatal encephalitis in rabbits. 

These negative results carry little weight against the 
etiological réle of this virus in epidemic encephalitis, as many 
persons must have a high natural immunity to the disease. 

The virus of passage of strain ‘‘C’ has been injected intra- 
spinally, for therapeutic purposes, in patients suffering from 
encephalitis. This injection is usually followed by a consider- 
able reaction, and the vaccine is now given intramuscularly 
or subcutaneously. Nicolau and Poincloux (N 101) reported 
that spinal fluid, withdrawn as early as eight hours after the 
intraspinal inoculation of the virus, failed to give evidence 
by inoculation in rabbits of the presence of the virus. It is 
noted that in one patient a naso-labial herpetic eruption ap- 
peared after an intraspinal injection of the virus. 

The identity or-close similarity of the herpes virus and the 
various strains of virus isolated from patients with epidemic 
encephalitis has naturally led to extensive experimentation with 
the herpes virus. 

While it is not within the scope of this monograph to study 
the details of the work on the herpes virus, a brief reference 
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will be made to a few of the more important publications. 
Levaditi has published very complete detailed accounts of 
herpes virus in “‘Ectodermoses neurotropes’ (L 174) and 
“L’herpés et la zona” (L 180). 

Blanc and Caminopettos in 1921 (B 236) demonstrated 
that the virus of herpes was filtrable; was sterile in culture; 
was infective for the rabbit, guinea pig and mouse, but not 
for the monkey (other workers have shown that the monkey 
may be infected), dog and pigeon; that the encephalitis pro- 
duced in the rabbit by this virus resembled clinically and 
pathologically the encephalitis caused by Levaditi’s virus of 
epidemic encephalitis; that a strong local reaction could give 
immunity against subdural inoculations. Also Blanc, Tsi- 
minakis and Caminopetros (B 239) reported that the virus of 
herpes was rapidly destroyed by bile and that the serum of 
immunized rabbits and of patients convalescent from epidemic 
encephalitis did not neutralize the virus of herpes. 

Perdrau in 1925 (P 82) carried out extensive studies on 
the immune reaction of the virus of herpes. He did not find 
the virus present in the spinal fluid of rabbits dying from 
encephalitis following cerebral inoculations. The virus was 
found to be more neurotropic when obtained from the brains 
of inoculated animals (the virus of passage), and more dermo- 
tropic when recovered from vesicles on the skin. A cerebral 
immunity was obtained by corneal inoculations with the 
aqueous humor; by intranasal inoculations of the virus of pas- 
sage; and by cutaneous inoculations (either intradermal injec- 
tions or rubbing the virus, either vesicular fluid or the virus 
of passage, on the scarified skin). 

The cerebral immunity was best obtained by the intra- 
dermal injections of a neurotropic strain. One inoculation was 
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apparently sufficient. The active immunity appeared in about 
eleven days and lasted usually from one to four months. 

Attempts to neutralize the passage virus with the serum of 
immunized animals failed, but the serum of one animal pro- 
duced a longer period of incubation. 

Attempts to neutralize the virus in vitro or to produce a 
passive immunity by emulsion of the brain of immunized 
animals were also unsuccessful. On the contrary, it was found 
that animals inoculated with mixtures of the immune brain 
and virulent brain died several days earlier than animals re- 
ceiving the virulent brain only. This led Perdrau to formulate 
the theory that the brain of the immunized animal contained 
a substance that acted as an “‘aggressin.’’ The action of this 
“agegressin’” was more marked if the immune brain were kept 
for about two weeks in glycerin. Perdrau cited Levaditi’s 
observations that a similar activating substance was apparently 
present in the serum of patients recently recovered from epi- 
demic encephalitis. 

The conclusion was reached that the cerebral immunity was 
of a cellular, rather than a humoral, nature. 

A comprehensive study, “Contributions to the Pathology of 
Experimental Virus Encephalitis,’ was published in five sec- 
tions, the first three by Flexner and Amoss in 1925 and the 
last two by Flexner in 1928 (F 72, F 73, F 74, F 69, F 70). 

A detailed report was given of the isolation of the virus 
“J.B.” from the spinal fluid of a patient with tertiary syphilis. 
This virus was found to be identical in all respects with the 
virus of herpes, and also with the viruses isolated from cases 
of epidemic encephalitis. , 

Numerous strains of herpes virus were studied and it was 
shown that they varied greatly in their virulence, and in their 
neurotropic and dermotropic properties. Two strains were 
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found that were more highly encephalitogenic than Levaditi’s 
strain ““C” and Doerr’s strain “Bale.’’ This fact, the author 
believed, threw considerable doubt on the etiological réle of 
this virus in epidemic encephalitis. 

Flexner and Amoss reported that the serum of immunized 
animals possessed the power of neutralizing the virus. Cross 
immunity between the viruses of Levaditi and Doerr and the 
different strains of the herpes virus was also shown by the 
neutralizing power of the sera of animals immunized with 
the different viruses. Neutralization with human sera, either 
of normal individuals or of those recovered from epidemic 
encephalitis, was inconstant. This fact was considered evidence 
against epidemic encephalitis being caused by the virus in 
question. It was also stated that experimental encephalitis in 
rabbits, and epidemic encephalitis in man resembled each 
other only partially and in essentially superficial aspects. 

In 1928 it was shown that strains of the herpes vitus 
isolated at different times from the same patient varied greatly 
in their virulence and in their neurotropic and dermotropic 
properties. 

In 1928 experiments were undertaken to test the theory 
advanced by Rose and Walthard (R 243) and by Dmitrielf 
(D 128), that strains of the herpes virus and of the encepha- 
litis virus are ‘‘suppressed’’ when injected in the brain of the 
guinea pig; that a similar occurrence takes place in human 
epidemic encephalitis, and that this accounts for the failures 
that have so often followed attempts to transmit the virus of 
epidemic encephalitis to animals. 

Flexner showed that the results obtained by those investi- 
gators had been due to their use of weak strains of viruses. 
He summarized the results of his own experiments as follows: 
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“The guinea pig is subject to cerebral and corneal inocula- 
tion of the herpes virus. 

“The effects of the inoculations vary with the strength or 
degree of virulence of the virus. 

“Weak strains of the virus are implanted on the cerebrum 
with difficulty and strong strains with ease. 

“Weak strains are quickly suppressed by the brain and 
strong strains may be passed indefinitely from brain to brain 
of the guinea pig. Strains of intermediate potency can be 
passed for a limited number of times only. 

“The guinea pig serves even more definitely than the rabbit 
to distinguish grades of virus according to strength or viru- 
lence. There is no difference of kind but only of degree of 
response to inoculation of herpes virus in the rabbit and the 
guinea pig. 

“The etiology of epidemic encephalitis has not, therefore, 
been brought appreciably nearer solution by experiments with 
herpes virus carried out in guinea pigs.” 

McKinley and Holden in 1926 and 1927 (M 227, M 227a) 
published studies of experimental encephalitis. In 1924-25 
McKinley had carried out some experiments with Le Févre 
in Brussels, using a herpes strain isolated by Le Févre, and 
the Levaditi strain. It was found that these viruses became 
attenuated when incubated with fresh serum, or when emul- 
sions were prepared in salt solution and kept at ice box tem- 
perature. With these strains, thus attenuated, unsuccessful at- 
tempts were made to immunize rabbits by gradually increasing 
doses of the virus. Attempts to culture both of these viruses 
were also unsuccessful. 

The experiments were continued in New York to establish 


mote definitely the close biological relationship existing be- 
tween these two viruses. 
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Rabbits were injected subcutaneously with gradually in- 
creasing doses of the viruses, attenuated as in the earlier 
experiments. The animals received ten injections over a 
period of three months. It was found that the rabbits were 
highly immunized, and that cross-immunity existed between 
the two strains. The serum of the immunized rabbits was 
virucidal for the two strains of virus. 

The herpes virus was found to be markedly susceptible to 
ultra-violet rays as generated by the Alpine sunlamp. Ex- 
posure to the light of an emulsion in salt solution for five 
minutes destroyed the virus. These workers were unable to 
repeat Perdrau’s experiment, that of producing cercbral im- 
munity by a single intradermal injection of a neurotropic 
virus. 

McKinley and Holden also demonstrated that the serum 
of immunized rabbits conferred passive immunity upon 
rabbits. , 

Attempts to immunize sheep against the herpes virus were 
only partially successful. 

McKinley in 1928 (M 225a, M 225b, M 225c) reported 
that he was unable to produce serum with virucidal properties 
for the herpes virus by the subcutaneous injection of this 
virus in horses. Herpetic encephalitis was developed in guinea 
pigs by feeding them herpetic rabbit brain emulsion. He 
was unable to immunize rabbits by the subcutaneous injection 
of emulsified brain substance (containing herpetic virus) 
treated with chloroform. He concluded that the virus was 
destroyed by the treatment with chloroform. 

Zinsser and Tang in 1926 (Z 15) published the results of 
comprehensive studies on the virus of herpes along the lines 
of immunology. Three strains of herpes virus were used and 
they were found to be extremely resistant to preservation in 
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neutral glycerol in the ice box. Experiments in which the virus 
was obtained by grinding the brain in sand, confirmed a 
theory of the authors that some of the virus is intracellular. 
This would account for the irregular results reported in 
attempts to neutralize the virus in vitro by immune serum, 
as the intracellular virus would be protected from the action 
of the serum. They were able to immunize rabbits by corneal, 
skin, and intratesticular inoculations. The serum of these 
animals had the power of neutralizing the herpes virus. It 
was also shown that the brain of immune animals contained 
a limited amount of protective substance, this in contradiction 
of Perdrau’s report that such brain extracts increased the viru- 
lence of the virus. (Zinsser suggested that Perdrau’s results 
may have been due to the rapid deterioration of the virus in 
the saline in which the emulsions were mixed.) Attempts at 
passive immunization with immune serum were negative. 

Active immunity was produced only when some reaction 
to the living virus took place. Experiments with phenolized 
virus (after the Semple method in rabies) were negative, as 
the phenol destroyed the virus. 

Attempts to transfer to animals a virus from material from 
human cases of encephalitis, using the method described by 
Perdrau, were unsuccessful. 

When partially immunized rabbits were infected with the 
herpes virus, the course of the disease was sometimes modified 
so that it simulated the clinical picture of human encephalitis. 
The possibility was suggested by Zinsser that “human beings 
may, by repeated skin infections, attain a not inconsiderable 
partial immunity to herpes virus, which would explain the 
nature of the clinical course (as in our partial immunity rab- 
bits) as well as the innocuousness of direct injections of 
herpetic virus into man, as reported by Bastai and Busacca, 
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and the finding of herpes virus in human beings not suffering 
from lethargic encephalitis.” 

In 1928, Zinsser (Z 14a) published a very complete study 
of epidemic encephalitis in which the herpes virus was ex- 
tensively discussed. A possible analogy between the bacterio- 
phage and filtrable viruses was suggested. 

Experiments in the inoculation of human beings with the 
virus of herpes have been carried out to some extent. 

Gruter (G 160a), who in 1913, by producing vesicles on 
the cornea of a rabbit by the inoculation of fluid from human 
vesicles, was the first to prove that herpes was caused by an 
infectious agent, has conducted such experiments. (His work 
was confirmed by Lowenstein [L 304].) In 1922 he reported 
(G 160b) that he had scarified the cornea of thirteen blind 
eyes and inoculated them with the herpes virus. The results 
were highly positive in four, weakly positive in four, and nega- 
tive in five, instances. Control experiments with the cornea 
of the rabbit were all highly positive. Corneal reinfection 
in man was mild, indicating that the human cornea was only 
slightly immune after recovering from herpes, while the rab- 
bit’s cornea was highly immune. One of his colleagues sub- 
mitted to an intravenous injection of the contents of several 
herpetic vesicles and suffered no general reaction. 

Griiter emphasized the fact that the experimental transmis- 
sion of the herpes virus to the human mucosa of the eye, nose 
and mouth is harmless and never results in general infection 
showing clinical symptoms, and that even intravenous injec- 
tion of the virus is without systemic effects. He concluded 
that the great differences between the behavior of man and 
animal with respect to the herpes virus necessitated the greatest 
caution in applying animal data to man. 
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In 1924 Griiter (G 160c) reviewed his earlier work and 
stated that the weaker strains of herpes virus could be made 
more virulent by brain passages and that the more potent 
strains could be weakened by being kept for some months in 
glycerin in a refrigerator or for some hours in a saline emul- 
sion at 36° C. He therefore concluded that the morphologi- 
cally different strains of virus were etiologically similar. He 
expressed the opinion that the theory that virus is the cause 
of epidemic encephalitis could be solved only by a positive 
inoculation test on man. 

Nicolau and Poincloux in 1923 (N 99) reported the 
cutaneous inoculation of human beings, using virus from the 
brain and cornea of the rabbit and also from vesicles in man. 
It was found that the corneal virus produced more positive 
results than did the cerebral virus, as the former was better 
adapted to the ectoderm. The virus from the vesicles in man 
gave positive results in individuals who had not reacted to 
the virus taken directly from rabbits, showing that the virus 
was modified by a passage through a human being. 

Teissier, Gastinel and Reilly in 1923 (T 27) stated that 
they inoculated the herpes virus cutaneously on the arms of 
seven patients ill for from five to thirty-three days with epi- 
demic encephalitis. All reacted to the infection. The inocula- 
tion was repeated, using the fluid from the human vesicles, and 
the reaction continued positive for four or five transfers. The 
authors therefore concluded, having regard to the identity of 
the herpes and encephalitis virus, that an infection of the 
central nervous system in man evidently does not confer 
immunity to reactions of the skin. 

It may be pointed out, however, that those individuals might 
not be expected to have an immunity to the disease, since they 
were still suffering from it. 
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Bastat and Busacca in 1924 (B 75) reported the intra- 
cutaneous inoculations with a virulent brain emulsion (rabbit). 
This was followed by a mild local reaction without vesicles. 
Examination of the spinal fluid showed that in two out of 
three such cases the herpes virus had passed over into the 
spinal fluid. 

Corneal vesicles were also developed by inoculation of the 
herpes virus (the ordinary herpes virus, or virus obtained 
from herpetic keratitis in rabbits, or from. rabbit brain). 
In five cases with experimental keratitis, the presence of the 
herpes virus was demonstrated in the spinal fluid. 

Two patients were injected intraspinally with a small 
amount of a weak brain emulsion (rabbit) diluted with the 
patients’ own spinal fluid. Headache and pain along the spinal 
nerves followed, but disappeared in two or three days. Lumbar 
punctures were performed at intervals and it was found that 
the herpes virus remained in the spinal fluid for some months, 

The authors therefore concluded that the herpetic infection 
not only became generalized, but might remain in the human 
organism in a latent state. They doubted the relationship of 
the herpes virus to epidemic encephalitis, believing rather 
that its occasional presence in the spinal fluid or central nervous 
system of encephalitis patients was purely accidental. 

It would seem, therefore, that from the ‘point of view of 
human experimentation there is no confirmatory evidence 
of the herpes virus being the etiological agent of epidemic 
encephalitis. This is not, however, a very potent argument 
against it, as many individuals are apparently immune to ept- 
demic encephalitis. 

The experimental work with monkeys affords more evi- 
dence of a relationship between the herpes virus and encepha- 


litis. 
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Levaditi and Schoen in 1928 (L 225) published an account 
of an experiment performed in 1927. A specimen of Macacus 
sinicus was inoculated intracerebrally with an emulsion of rab- 
bit brain containing the herpetic virus ‘‘N.”” The monkey de- 
veloped symptoms on the ninth day and died two days later. 
The brain emulsion, used to inoculate rabbits intracerebrally, 
caused death from herpetic encephalitis. A histological ex- 
amination of the monkey’s brain showed characteristic lesions 
in the mesencephalon. 

Zinsser has recently been carrying on experiments in produc- 
ing encephalitis in monkeys with the herpes virus. His paper 
will appear in the Journal of Experimental Medicine, and it 
is not possible to publish the details at this time. However, 
through the courtesy of Dr. Zinsser and Dr. Flexner, we are 
permitted to use the following paragraph: 

“Zinsser has been working with a species of mionkey in 
which it is possible to produce both an acute and a subacute 
encephalitis by means of herpes virus. The details of these 
experiments are in press. On the basis of this work and his 
immunological experiments, he states that he is gradually 
moving in the direction of the view that since encephalitic 
disease is chiefly secondary to filtrable virus conditions, most 
of these agents may become neurotropic under circumstances 
of individual susceptibility, and that the difficulty of trans- 
ferring to animals is very possibly due to a gradual loss of 
virulence consequent upon the prolonged nature of the cases 
which usually come to our hands at autopsy.” 

In spite of the vast amount of experimental work that has 
been done, there are still widely varying opinions in regard 
to the etiology of epidemic encephalitis. A comparatively 
small group believe that it is a toxic disturbance of the central 
nervous system. Another rather small group consider that a 
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pleomorphic streptococcus is the cause. A somewhat larger 
number of investigators are convinced that a filtrable virus, 
identical with or closely allied to the herpes virus, is the 
specific agent. In view of these conflicting opinions, many are 
forced to the conclusion that the etiologic agent of epidemic 
encephalitis has not yet been definitely demonstrated. 


Chapter II 


OTHER TYPES OF ENCEPHALITIS, INCLUDING 
POST-VACCINAL ENCEPHALITIS 


The prevalence of epidemic encephalitis during the past 
ten or twelve years and the interest that has been aroused by 
this disease, with its protean clinical manifestations and its 
tendency to chronicity? has greatly stimulated the medical 
profession to the study of other forms of encephalitis. By 
far the most important of these is post-vaccinal encephalitis, 
which has been more or less prevalent for five or six years 
in England and on the Continent, especially in Holland. There 
are also fairly numerous references in the literature, especially 
recently, to encephalitis following measles, varicella, mumps, 
influenza and other acute infections. Whether more cases of 
this type have been occurring of late, or whether they are 
being better diagnosed, is a little difficult to decide. It seems 
certain, however, that there has been a very definite increase 
in the cases of post-vaccinal encephalitis in certain localities. 

It is not within the scope of this monograph to discuss 
in any detail these other forms of encephalitis. Some of the 
recent references have been collected, however, and are in- 
cluded in the bibliography. 

Rolleston in 1925 (R 225a, page 285) wrote that ence- 
phalitis followed measles more frequently than any other 
exanthema. Lust and Schick, discussing Lust’s paper (L 353), 
each reported four such cases in 1926; Neal and Appelbaum 
(N 28), twelve in 1927; Musser and Hauser (M 425), eight 
in 1928; and Zinsser (Z 14a), four in 1928. Varicella is 
occasionally followed by encephalitis. Winnicott and Gibbs 
(W 119) described such a case in 1926 and reported other 
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cases from the literature. Winnicott (W118) in 1928 re- 
ported a case of encephalitis following measles and varicella. 

Zinsser (Z 14a) referred to cases of encephalitis following 
a variety of conditions: German measles, lead poisoning, 
pneumonia, bronchitis, acute gastro-enteritis and whooping 
cough. 

Anderson in 1923 (A 102) and Brown and Symmers in 
1925 (B 404a) reported an unusual type of acute serous en- 
cephalitis in children, characterized by a sudden onset, with 
sore throat, gastro-intestinal disturbance, convulsions, some 
indication of involvement of the central nervous system, high 
fever, and death in from twenty-four to forty-eight hours. 
The pathologic picture showed engorgement of the capillaries, 
perivascular and pericellular edema, cloudy swelling of the 
pyramidal cells and focal collection of glia cells, round cells, 
and a few leucocytes. Grinker and Stone (G 145a) in 1928 
reported thirteen cases of acute toxic encephalitis in children. 
Their report contained both clinical and pathologic studies, 
and a review of the literature. The cases followed various 
acute infections; the upper respiratory tract, acute otitis media, 
mastoiditis, pneumonia, scarlet fever and septicemia. They 
pointed out that the pathologic changes in these cases of 
toxic encephalitis resembled those characterizing cases of acute 
lead encephalitis, as regards the vascular, glial and meningeal 
reactions. They quoted Hassin (H 90) to the effect that: “It 
seems permissible to claim that vascular infiltrative phenomena 
are indicative of an infectious type of encephalitis, while the 
proliferative phenomena denote a toxic condition.” Grinker 
and Stone stated that the pathologic changes in none of these 
cases resembled those described by Brown and Symmers, and 
they quoted Symmers as stating that he had not encountered 
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any more such cases, and that he could not be sure that they 
constituted a new clinical entity. 


In contrast with Grinker and Stone’s report of the path- 
ologic changes in their cases, one of which followed scarlet 
fever, are those found by Musser and Hauser, in two cases 
of encephalitis following measles, the latter more nearly 
resembling those of certain acute cases of epidemic encepha- 
litis. There were many punctate hemorrhages and_peri- 
vascular infiltrations with lymphocytes. A differentiation from 
other types of encephalitis was made by the authors: ‘“There 
was one lesion, however, that was unlike any infectious enceph- 
alitis that we are acquainted with; namely, perivascular 
hemorrhages about some of the small vessels of the brain. In 
these there was apparently a diapedesis of erythrocytes, occupy- 
ing in a citcumferential manner the perivascular space. There 
was no diffusion of the erythrocytes beyond this space. A 
search for injury to the endothelial lining of such vessels did 
not show any lesion present. Apparently, the red blood cells 
escaped from the vessel because of the overdistention of the 
lining endothelium, or because of some other factor, probably 
toxic in character.” 

The etiology of these cases of encephalitis remains in doubt. 
Grinker and Stone believe that theirs were cases of true toxic 
encephalitis, the toxin produced by the micro-organisms which 
caused the initial focal lesion being carried to the brain, 
probably through the blood stream. Lust and Schick advance 
the opinion that the cause of post-measles encephalitis is a 
latent neurotropic virus which is stimulated to activity by the 
measles virus or by the lowered resistance of the patient. 


Post-vaccinal encephalitis is by far the most important form 
of encephalitis, excluding of course the epidemic variety, both 


OTHER TYPES 109 


as regards the number of cases and the bearing on public 
health, as it may affect the attitude toward vaccination. 

Lucksch in 1924 (L 334) reported three fatal cases of 
encephalitis following vaccination, which occurred in Bohemia 
in 1923. These were reported in more detail by Lucksch in 
1925 (L 335), together with some experimental work on 
the vaccine virus, which was found to be sterile and when 
injected in rabbits produced the usual reaction. Lucksch at 
first considered these to be cases of epidemic encephalitis, but 
later, in 1926 and 1927 (L 339, L 340), wrote articles in 
which he stated that these cases may be differentiated from 
epidemic encephalitis and poliomyelitis, both clinically and 
histologically. He therefore regarded this form of encepha- 
litis as a distinct entity, and was inclined to be of the opinion 
that the vaccine virus was the etiologic agent. In his later 
experimental work, 1927, he was able to demonstrate the 
vaccine virus in the brains of three rabbits, after vaccination. 
This had already been done by other workers, Levaditi and 
Nicolau (L 214), Blanc and Caminopetros (B 237) and by 
Blanc, Melanidi and Stylianopoulo (B 238a). 

Bastiaanse in 1925 (B 79) refered to a case reported earlier 
(in November, 1924) and discussed thirty-four other cases 
that had occurred in Holland from January 1, 1924, to June 
30, 1925. Im a later article in 1926, Bastiaanse, Bijl and 
Terburgh (B 79c) dealt with the subject more in detail. 
There were fifteen deaths among the thirty-five cases. All 
the patients were less than seven years of age, the majority 
being between three and five years. The symptoms developed 
in from nine to fifteen days after vaccination. The cases were 
distributed over twenty-four communities, the majority being 
in places of less than 16,000 inhabitants and in adjoining 
communities. Comparison with statisitcs of epidemic encepha- 


110 OTHER TYPES 


litis for the same period showed that this disease was like- 
wise more prevalent in smaller than in larger communities, 
and was epidemic in character. The histopathology of post- 
vaccinal encephalitis differed from that of epidemic encepha- 
litis. 

The vaccine virus used was prepared at three approved 
laboratories in different cities. 

The authors experimented with vaccine virus used to inocu- 
late rabbits in various ways, and after subdural moculations 
were able to demonstrate a neuro-virus comparable to 
Levaditi’s neuro-vaccine virus. They also demonstrated that 
vaccination did not immunize animals to the encephalitis virus. 
Experiments with the brain tissue and spinal fluids of fatal 
cases of post-vaccinal encephalitis failed to demonstrate the 
presence of any virus. Later experiments with the spinal 
fluid conducted by them with Levaditi, in Paris, failed to 
show immunity in animals to encephalitis virus or neuro- 
vaccine virus. 

The authors reached the following conclusions: 

1. No connection has been established between vaccination 
and post-vaccinal encephalitis ; 

2. The causative factor of post-vaccinal encephalitis is 
probably an ultra-virus ; 

3. It is probable that vaccination activates a latent virus 
present in the body; 

4. Clinical, histological and epidemiological data, therefore, 
do not prove that the unknown factor is the virus of epidemic 
encephalitis, or that it is a related virus. 

Terburgh in 1927 (T 28) reported 124 cases with thirty- 
eight deaths in the Netherlands, from June, 1923, to Decem- 
ber, 1927. The highest incidence of the disease was in March. 
It was shown that immunity to post-vaccinal encephalitis is 
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greatest in the first year of life, and the vaccination of infants 
was therefore urged. He again stated his belief that the vac- 
cine virus was not the primary etiological agent, but merely 
the cause of provoking a latent infection. 

Bastiaanse in 1926 (B 79b) announced that the Royal 
Serological Institute at Utrecht had a serum against post-vac- 
cinal encephalitis, which should be used immediately after the 
onset of symptoms. This serum is from animals actively im- 
munized by cutaneous and intravenous inoculations. 

Kraus and Takaki in 1925 (K 121) reported that they 
believe that they have proved, by complement fixation, that 
encephalitis following vaccination is not due to the vaccine 
virus. 

Lucksch in 1927 (L 340), after making complement fixa- 
tion tests, was not convinced that this method was without 
limitations in determining the forms of filterable viruses, but 
thought rather that it showed a close relationship between 
rabies, variola vaccine and herpes. 

Turnbull and McIntosh in 1926 (T 115) made a clinical, 
pathological and experimental report of seven cases of en- 
cephalo-myelitis following vaccination. One case occurred in 
July, 1912, three in November, 1922, and three in September 
and October, 1923. In six instances death occurred during 
the acute attack of encephalo-myelitis, which was complicated 
by broncho-pneumonia. In one case death occurred later, when 
the lesions of the central nervous system were in a stage of 
healing. 

The pathological changes were given in detail. They re- 
sembled the changes of non-purulent inflammation of the 
central nervous system, and in some respects were similar to 
those of epidemic encephalitis, except that the reaction was 
relatively slight in the basal ganglia and the most characteristic 
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histological feature was a zone of perivascular softening in 
the white matter. 

The case examined in the subacute stage showed the same 
general distribution of lesions, but they were smaller and 
fewer, the foci of intense acute inflammation having com- 
menced to scar, and the less intense, more diffuse infiltra- 
tion having apparently undergone resolution. 

Sections of the proximal and distal ends of the right and 
left brachial plexuses were made in three cases, to determine 
whether there was evidence of a spread of infection along the 
nerves to the central nervous system. No direct evidence of 
such an extension was found except in one instance, where the 
inflammatory reaction extended as far as the distal end of the 
left brachial plexus. 

The authors discussed the close clinical resemblance of the 
cases and concluded that the vaccination was a definite causal 
factor; that the encephalitis might have been caused by the 
vaccinia virus, by some other virus introduced with it, or by 
the vaccination activating a virus latent within the patient, 
as suggested by Bastiaanse. 

The authors compared the histological lesions with those 
of poliomyelitis and epidemic encephalitis, and concluded that 
post-vaccinal encephalitis could be definitely differentiated 
from these two diseases. 

Extensive experimental work was done with material from 
several of the fatal cases. The presence of vaccinal virus in 
the left axillary glands of one case was demonstrated by Dr. 
Fildes by intratesticular and intradermal inoculations in a 
rabbit. Dr. McIntosh produced in two rabbits a mild meningo- 
encephalitis by injecting intracerebrally material from the 
spinal fluid of two cases. In one instance this could be passed 
on in series. Many other attempts were unsuccessful with 
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rabbits, and all were so with monkeys. Material from two 
brains, injected intradermally and intratesticularly, showed 
that the virus of vaccinia was present. 


The authors called attention to the fact that cases, appar- 
ently similar, are reported of encephalo-myelitis complicating 
variola or varioloid. 


Walthard (W 13a) reported experiments with three kinds 
of vaccine virus, including a neuro-lapine preparation of his 
own, similar-to Levaditi’s neuro-vaccine. These vaccines were 
used to inoculate rabbits in the cornea and guinea pigs in the 
skin, without producing encephalitis in the rabbits or myelitis 
in the guinea pigs. Two patients, vaccinated for the first 
time, failed to show vaccine virus in the spinal fluid twelve 
days after vaccination. The vaccine virus was found in the 
brain of a rabbit four days after corneal inoculation, but 
inoculation of this brain substance into other animals did not 
produce encephalitis. 

Wilson and Ford (W 91a) in 1927 reported four cases of 
nervous complications following vaccination. Two cases, 
which recovered, showed sequellae. One had some mental 
defect, and marked obesity. The other had spastic paralysis. 
This is of interest because most writers have commented on 
the completeness of the recovery in recovered cases of post- 
vaccinal encephalitis. 

Levaditi discussed the etiology of post-vaccinal encephalitis 
in 1926 (L 214), and again in more detail with Nicolau 
and Sanchis-Bayarri, in 1927 (L 215). Levaditi pointed out 
that he had never produced vaccinal encephalitis in rabbits by 
corneal or skin inoculations, either with ordinary vaccine or 
with neuro-vaccine. Walthard’s results were confirmatory. 


The occasional finding of vaccine virus in the brains of 
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fatal cases of post-vaccinal encephalitis or of animals after 
vaccination has little significance. Levaditi (L 214) had 
already shown that after experimental vaccination the virus 
is diffused throughout the whole body. 

If the encephalitis is of vaccinal origin, then some stocks 
of vaccine should show neurotropic properties. Levaditi and 
Bijl did not find that this was the case with the stocks used 
in Holland. 

Levaditi and his collaborators then proceeded to determine 
whether or not they could produce vaccinal encephalitis in 
simians by inoculating them in different ways with Levaditi’s 
neuro-vaccine of passage. Three monkeys were inoculated in- 
tracerebrally with varying amounts of neuro-vaccine. They 
died in from five to eight days, and the presence of the virus 
in the brain, spleen and ovary was demonstrated by inocula- 
tion in rabbits. The lesions in the brains of these monkeys 
were strikingly different from the lesions of post-vaccinal en- 
cephalitis in man. They showed a hemorrhagic inflammatory 
meningitis of the pia mater, with a local vaccinal area. An- 
other monkey was inoculated intravenously with the virus, to 
parallel the mode of infection in man. The monkey died in 
sixteen days with no trace of encephalitis. 

This led Levaditi to believe that post-vaccinal encephalitis 
is produced by some other agent than the vaccine. A further 
proof of this is that after more than 20,000 vaccinations in 
Spain with Levaditi’s neuro-vaccine, no case of post-vaccinal 
encephalitis developed. 

Levaditi next considered whether post-vaccinal encephalitis 
might be due to an awakening by the vaccination of a latent 
encephalitic infection. He stated that: 

(a) Clinically it resembles epidemic encephalitis’ very 
strikingly ; 
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(b) From a pathologic standpoint there are striking 
resemblances ; 

(c) While inoculations in rabbits have all been negative 
as regards showing the presence of the encephalitis 
virus, the same is true with the majority of experi- 
ments with epidemic encephalitis ; 

(d) The morbidity of post-vaccinal encephalitis is like 
that of epidemic encephalitis ; 

(e) Vaccinal inoculations in the rabbit facilitate the 
localization in the nervous system of the herpetic 
encephalitis virus; 

(f) The question may arise of the introduction of the 
encephalitis virus with the vaccine virus. Levaditi 
inoculated rabbits in the skin simultaneously with 
the stock C and the neuro-vaccine. Only a local 
reaction resulted. 

Earlier, however, in 1925, Levaditi and Nicolau (L 213) 
had reported that the intracerebral inoculation of rabbits 
carrying the virus of the neuro-vaccine with human encepha- 
litis virus gives rise to a vaccinal encephalitis by breaking 
down the natural resistance of the central nervous system, 
which opposes the entrance of the vaccine virus into the brain. 

The authors, therefore, concluded that while the etiology of 
post-vaccinal encephalitis was not definitely proved, the condi- 
tion was probably due to the arousing of a latent encephalitic 
infection, by the vaccination. 

Levaditi, Lépine and Troisier (L 197a) in 1928 inoculated 
in various ways monkeys, rabbits, mice and chickens, with an 
emulsion of the brain of a fatal case of post vaccinal encepha- 
litis. No trace of the vaccine virus or of any other virus was 
found. The animals were later vaccinated successfully, show- 
ing that no immunity to vaccine virus had been conferred. 
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Other animals were first vaccinated, and later inoculated, with 
the brain substance from the fatal case. There was no reaction 
except that two rabbits died, one from a contaminating infec- 
tion; the other had vaccine virus in the brain. 

Levaditi, therefore, concluded that the cause of post-vac- 
cinal encephalitis is not the vaccine; nor is it, in the majority 
of cases, inoculable in animals. 

Gildemeister and Herzberg (G 58a) in 1927 injected intra 
cutaneously in one series of guinea pigs an emulsion of the 
brain of rabbits inoculated with Bale III virus or with the con- 
tents of human herpes vesicles. A second series was im- 
munized against foot and mouth disease. A third series was 
vaccinated against smallpox. The second and third series were 
later inoculated with Bale II virus or with herpes virus. The 
second series gave the same reaction as the controls in the 
first series. In the third series the reaction was abortive in 
nine out of twelve animals, showing a certain relationship, 
as expressed by the immunity reaction, between the virus of 
vaccine and that of herpes or of encephalitis. 

Zutukzoglu (Z 20a) reported several series of experiments 
concerning vaccine and herpes. In one series, four strains of 
vaccine were used, including two strains described as neuro- 
lapine and dermolapine. Rabbits were given massive doses 
cutaneously, subcutaneously, intratesticularly or corneally. In 
no case was an encephalitis produced. In the brain of one 
rabbit, inoculated in the testicle, the vaccine virus was found 
to be present. Complement fixation, with one strain of vac- 
cine was negative. In a second series it was found that when 
either vaccine virus alone was injected intravenously or herpes 
virus alone subcutaneously, the rabbits survived. When the 
two were combined, two rabbits out of three died with symp- 
toms of herpetic encephalitis. Waccine virus could not be 
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demonstrated in the brains of the rabbits, but a corneal inocula- 
tion with the brain emulsion produced encephalitis in another 
rabbit. ; 

The authors, therefore, concluded that in animal experi- 
mentation vaccination may activate herpetic infections. Three 
series of experiments were performed on guinea pigs with the 
herpes virus, which have no particular bearing on this subject. 

The last series concerned immunity relations between vac- 
cine and herpes. The conclusions were as follows: 

1. Rabbits’ cornea, immunized to vaccine, showed weak 
partial immunity to herpes. The reverse experiment failed, 
because even minimal doses of the herpes strain used, provoked 
fatal encephalitis. 

2. Guinea pigs immunized to herpes (plantar inoculations), 
showed distinct partial immunity to vaccine. 

3. The reverse of this experiment showed a lesser immunity 
to herpes. 

4. The sera of guinea pigs immunized to herpes were 
virucidal to herpes, and moderately virucidal to vaccine. 

5. The sera of animals immunized to vaccine were con- 
siderably less virucidal to herpes than to vaccine. 

Glanzmann (G 79) in 1927 published a review of the 
nervous complications of varicella, variola and vaccinia. He 
divided the cerebral complications of vaccinia into six forms: 

1. Serous meningitis ; 

2. Encephalitis with hemiplegia or hemiparesis ; 

3. Encephalitis with trismus and tetanus-like manifestations ; 

4. Encephalitis with somnolence and cranial nerve palsies 
similar to epidemic encephalitis ; 

5. The encephalitis of Holland, characterized by vomiting, 
somnolence, convulsions, and high mortality with absence of 
paralysis and trismus; 
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6. Encephalo-myelitis disseminata, with meningeal mani- 
festations. 

He called attention to the regularity of the onset of symp- 
toms, about ten days after vaccination, which indicated more 
than a chance connection with the vaccination. 

He suggested the possibility that the cerebral complications 
occurring in these three conditions were due to an anaphylactic 
reaction in the central nervous system between the virus and 
the cell-adherent antibody. According to Sahli, an anaphylactic 
reaction quickly destroys the agent of the disease. This would 
account for the falrure in most instances to demonstrate the 
vaccine virus in the brain of fatal cases of post-vaccinal -enceph- 
alitis. From this point of view, the post-vaccinal nervous 
complications are comparable to the accidents of serum 
therapy. 

The author stated that in his opinion more than a super- 
ficial similarity exists among these three diseases, varicella, 
variola and vaccinia. 

Kraus (K 119) reported experiments with rabbits, guinea 
pigs and mice, using material from the brains of two fatal 
cases of post-vaccinal encephalitis, with negative results. 

Mikulowski (M 301) in 1927 reported two cases of post- 
vaccinal encephalitis, both of which recovered, although one 
had residuals. He mentioned the possibility of a vaccinal 
allergy as the cause. 

Wiersma (W 71) in 1927 called attention to the differences 
in the symptomatology of post-vaccinal encephalitis, as de- 
scribed by different writers. He also stated that the main 
differences, both in clinical and microscopical appearance, be- 
tween epidemic encephalitis and encephalitis following vac- 
cination, are shown by two facts: (1) the encephalitis after 
vaccination is a more acute infection, which is shown by its 
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usual rather stormy course, as well as by the presence of 
polymorphonuclear leucocytes in the perivascular infiltrations 
and by acute alterations in the ganglion cells; (2) this enceph- 
alitis is far more widely spread over the brain than is epi- 
demic encephalitis, for symptoms occur which indicate lesions 
of the pyramidal tract, of the cortex, of the leptomeninges and 
of other regions, and in microscopical preparations alterations 
are found all over the white and gray matter. 

The author considered Bastiaanse’s theory of the vaccine 
virus stimulating to activity a latent virus, to be a reasonable 
explanation for these phenomena. 

Pette (P 124) in 1928 published experimental studies on 
rabbits inoculated with vaccine and also with herpes virus. 
He found that a certain percentage of the animals inoculated 
with vaccine died in from four to fifteen days from a septic 
process due to the B. bipolaris. He showed that at a definite 
time following vaccination the B. brpolaris invaded the tissues 
of the animal from the nasal mucous membrane, where it 
had existed in the meantime as an avirulent germ. 

In none of his animals inoculated with vaccine, corneally 
or intracutaneously, did encephalitis develop. 

He therefore concluded that post-vaccinal encephalitis is a 
process engendered, not by the vaccine itself, but by some 
other agent. 

Aldershoff and Pondman (A 78) eet experimental 
studies on post-vaccinal encephalitis. They injected in rabbits 
a Tarozzi broth culture of vaccine. One rabbit died seven 
weeks later from paralysis. Intracerebral injection of the brain 
emulsion of this rabbit in other rabbits produced death in 
one day. From the blood of these rabbits, B. bipolaris was 
cultivated. These findings suggested an inquiry into post- 
vaccinal encephalitis. The same organism had been found by 
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other workers without their attaching special significance to 
it. Pasteur had stated that this organism may produce a neuro- 
toxin. This would explain why the brains of fatal cases have 
been found to be sterile. The authors found the same organism 
in rabbits that died after neurolapine vaccination. They re- 
ferred to Pette’s work, which showed that the vaccine virus 
may activate this organism in animals, and probably in human 
subjects also. The resulting toxins are then assumed to cause 
encephalitis. 

The authors reported that rabbits die in from nine to four- 
teen days after subcutaneous neurolapine inoculations, but 
that if emulsions of the brains of these dead animals be in- 
jected into the brains of other rabbits, death follows in from 
one to two hours. This highly virulent agent the authors 
called ‘“‘neurocidine,” and they assume that it exerts a direct 
toxic effect, since a virus would hardly act so quickly. From 
their experimental studies, they are led to believe that there 
is a possible relationship among B. bipolaris, vaccine virus and 
“neurocidine.”’ 

Concerning a possible relationship between their experi- 
mental findings and post-vaccinal encephalitis, they state that 
Pondman reported an almost pure culture of the organism B. 
bipolaris, in the nasal mucus of a child with post-vaccinal 
encephalitis. 


Euziére and Pagés in 1928 (E 74) reported six cases of 
nervous complication following «vaccination. One patient had 
had attacks of labial herpes for two years. All the patients 
recovered. Four patients were treated intravenously or intra- 
muscularly with arsylene-glucose. One of these patients was 


also given salicylated glucose intravenously. Another received 
luminal also, and a third uroformine. © 
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The authors believed that encephalitis following vaccina- 
tion was often purely coincidental, but that it might be due 
to an allergic action of the vaccine. 


Bouman (B 313) in 1928 pointed out the difference in the 
histological pictures of post-vaccinal and of epidemic encepha- 
litis. He expressed the opinion that the vaccine virus was not 
the direct cause of the post-vaccinal encephalitis, but that this 
was due to an unknown virus. 

Nobel (N 117) in 1928 reported a case of post-vaccinal 
encephalitis, in a girl aged four, which developed ten days 
after vaccination. At the time of vaccination she had labial 
herpes. He concluded that, if the assumption is correct that 
there is an interrelation between herpes and encephalitis, a 
herpes rash contraindicates vaccination. 

Mikulowski (M 302) in 1928 reported two cases of post- 
vaccinal encephalitis, in infants of thirteen and eight months 
of age. Both recovered, but the older infant had residuals. 
These cases are of interest because it is generally stated that 
post-vaccinal encephalitis occurs only in older children, and 
that, if recovery takes place, it is complete. 

Gins (G 63) in 1928 stated that although ten million vac- 
cinations have been performed in Prussia in the past fifteen 
years, only three cases of post-vaccinal encephalitis have been 
reported, although for the past ten years all illness following 
vaccination has been reportable. He called attention to the 
fact that cerebral disorders are not infrequent in unvaccinated 
children, and that they may follow other infections, such as 
grippe and measles. It is, therefore, quite possible that a 
child may be vaccinated, who already carries the germ of some 
other disease. 

Winkler (W 116) in 1928 called attention to the German 
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public health law demanding the vaccination of infants within 
the first year of life, as compared with the Dutch law requiring 
vaccination before the age of six. Since post-vaccinal encepha- 
litis has been reported far more frequently in countries permit- 
ting delayed vaccination, he urged compulsory vaccination in 
the first year of life, because: (1) infants still have a certain 
innate immunity; (2) their immature central nervous system 
is less susceptible to the virus causing encephalo-myelitis ; and 
(3) they are less highly permeated than older children by all 
sorts of viruses, one of which may be activated by the vac- 
cination, thus causing post-vaccinal disease. 

Perdrau (P 86) published a study of the histology of post- 
vaccinal encephalitis. It was undertaken in order to corrobo- 
rate the claims of Turnbull and McIntosh that post-vaccinal 
encephalitis can be distinguished histologically from epidemic 
encephalitis and from poliomyelitis. 

The material from three fatal cases was studied in detail 
by special methods. Sections from nineteen cases of epidemic 
encephalitis were examined for comparison. The lesions were 
also compared with those of disseminated sclerosis and with 
the descriptions in the literature of those of netvous disorders 
complicating smallpox, measles, Schilder’s disease and those 
occurring in anti-rabic treatment. 

Perdrau concluded that post-vaccinal encephalitis is char- 
acterized by the presence around certain vessels of the central 
nervous system of an area of demyelination, described by Mc- 
Intosh and Turnbull as extra-adventitial softening. Perdrau 
agreed with McIntosh and Turnbull that this lesion differ- 
entiates post-vaccinal encephalitis from epidemic encephalitis 
and probably from poliomyelitis also. 

Perdrau expressed the opinion, from a study of the litera- 
ture, that a similar lesion is found in nervous disorders fol- 
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lowing smallpox, measles and other fevers, as well as after 
anti-rabic treatments. This lesion is essentially similar to that 
of comparatively acute cases of disseminated sclerosis. 

The suggestion is made that the agent responsible for the 

demyelination in all these various forms of nervous disorders 
may be identical. 
_ Ledingham (L 91a) in 1928 called attention to the differ- 
ence in the symptomatology of reported cases of post-vaccinal 
encephalitis, making about the same classification as that given 
by Glanzmann. 

Olitsky and Long (O 21b) in 1928 were unable to produce 
encephalitis in the guinea pig by the combined action of 
Levaditi’s strain ““C’ and a neuro-vaccine. 

While this does not confirm the experimental work of 
Levaditi and Nicolau (L 213), it apparently does not con- 
trovert it, as there is so much difference in the reactions of 
rabbits and guinea pigs. 

A report of the League of Nations Commission (111) on 
“Post-vaccinal encephalitis,” called attention to several points 
in regard to this disease. Adults and infants seem practically 
immune, as nearly all cases occur between the ages of three 
and thirteen years. In most instances the vaccination had, to 
all appearances, run a normal course. Many different vaccine 
lymphs were used in the cases reported, and also different 
methods of vaccination. In some countries where primary vac- 
cination is performed on children of school age, there has 
been little or no post-vaccinal encephalitis reported. 

In conclusion the Commission points out: 

(a) That cases of post-vaccinal encephalitis, as compared 
with the number of vaccinations, are rare; 

(b) That the relation between vaccination and encephalitis 
is apparently not merely coincidental ; 
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(c) That post-vaccinal encephalitis is a different disease 
from epidemic encephalitis ; 

(d) That the virus of vaccine, in the present state of 
knowledge, is not considered responsible for post-vaccinal en- 
cephalitis, but that an unknown factor exists, either a bacterial, 
a filter-passing or a latent virus, which by means of a te- 
ciprocal reaction causes the disturbance. 

The Commission does not consider any of these conclusions 
as sufficient reason for discontinuing vaccination, which is the 
world’s greatest weapon against smallpox. They urge primary 
vaccination during infancy. 


Reported cases of post-vaccinal encephalitis: 


Hollandel923-27 20h eer ana ees 139 cases 
England. il 992-27. oes sete: Gace ae ere OH eg 
Portugal) £022 os a aeeene. peers eee 1 
Swatzerlanicdsrl 9249) ee Gee eee 2 
Germanys sl 924 ned maine te sores ded 3 
Praguesyd 924 neneaie. indie. - sr raten 8 
Poland, 1927 2 
UnttedaeStatess MlO2yeaa eee pee ee 4 
British Guiana, 1928 1 


In 1928 the Ministry of Health of Great Britain published 
a comprehensive “Report on Vaccination” (114), by a Com- 
mittee composed of Sir Humphry Rolleston, Dr. F. R. Blaxall, 
Dr. G. F. Buchan, Dr. A. E. Cope, Dr. Mervyn H. Gordon, 
Professor J. C. G. Ledingham, Dr. J. R. Perdrau and Dr. J. 
R. Hutchinson. 

The Committee conferred with Surgeon-General Hugh S. 
Cumming of the United States Public Health Service, and Dr. 
Amyot, Deputy Minister of Health of Canada. 
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Part I of the “Report” deals with the subject of vaccination 
in general: the preparation, the testing and the standardization 
of vaccine lymph; practical methods of diminishing or remov- 
ing any risks which may result from vaccination; methods of 
vaccination; and a brief reference to diseases of the central 
nervous system following vaccination. 

Part II consists of the report of the Andrewes Committee, 
composed of Sir F. W. Andrewes, Dr. J. A. Arkwright, Dr. 
PPR. Blaxal Dror’. Grthth, Dr. CG Ledingham, Der J. 
McIntosh and Dr. E. Farquhar Buzzard. It deals entirely with 
diseases of the central nervous system following vaccination, 
reviewing both the literature which gives details of the cases 
reported in England, and also the experimental work. 

An account is given of sixty-two cases, occurring from No- 
vember, 1922, to February, 1924. While the majority of the 
cases occurred in children, there were seven cases from twenty 
to fifty years of age. The mortality was 58 percent. Ten of 
the recovered cases were followed up, and it was found that 
nine recovered completely. One developed hemiparesis, proba- 
bly permanent in character. This is in contrast, of course, to 
the paralyses which often follow poliomyelitis, and the mental 
and other disturbances which often follow epidemic encepha- 
litis. 

As regards symptomatology, the Committee stated that: 
‘In most instances the onset of symptoms was rapid, and the 
course of the disease acute. The predominant symptoms were 
of cerebral rather than of spinal origin, and included fever, 
headache, vomiting, strabismus and varying degrees of cloud- 
ing of consciousness. Where paralysis of the limbs occurred, 
it was generally of the upper motor neurone type. 

‘In other words, these cases present the symptomatology 
of encephalitis, indicating a diffuse inflammation of the brain, 
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without special localization, and with very little evidence of 
involvement of the cord.” 

It is noted that in all instances the vaccination process was 
normal. 

It is stated that of these sixty-two cases of post-vaccinal 
encephalitis fifty-three were vaccinated with lymph from the 
Government Lypmh Establishment. These cases were vac- 
cinated with forty-five series of lymph. (A series is the 
product of one calf.) All these series belonged to a strain 
which had been in use since 1907, and with which about 
fifteen millions of people had been vaccinated. The source 
of the vaccine in eight of the remaining nine cases was given. 
In one instance it was unknown. 

Post-mortem records were available in six of the fatal cases. 
Their histology was studied by Professor McIntosh and Dr. 
Turnbull, and also by the Committee. These reports have al- 
ready been mentioned. 

Professor McIntosh was able to demonstrate the presence of 
the vaccine virus in the brains of three fatal cases. No other 
virus was found. 

Dr. Blaxall undertook experiments on animals, vaccinated 
in the usual way, to determine whether the vaccine was 
demonstratable in the tissues generally, and if so, for how 
long. Calves, rabbits and monkeys were used. The vaccine 
was found in various tissues, in the blood, the brain, the liver 
and the spleen, from the fifth to the thirteenth day, the times 
varying somewhat in different animals. This confirmed the 
observations of Levaditi and others as to the general dis- 
semination of the vaccine after cutaneous vaccination. 

The Committee then discussed three theories in regard to 
the etiology of post-vaccinal encephalitis. It is possible that: 
(A) The cases of encephalitis were genuine sequelae of vac- 
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cination, and due solely to the virus of vaccinia; (B) That 
the cases of encephalitis, though coincidental with vaccina- 
tion, were due to some different and independent cause; (C) 
That the cases of encephalitis were due to the combined action 
of two morbid viruses, viz., vaccinia and some other familiar 
or unfamiliar virus. 

After considerable discussion, the Andrewes Committee 
submitted the following report: 

“(1) Among the 62 post-vaccinal cases of acute nervous 
disease, four were observed in hospital, while six were ex- 
amined post-mortem and histologically, and the affection 
appeared to be fairly uniform, and, further, a total of 47 
were, from the clinical point of view, possibly all of the same 
nature. In addition, another case similar clinically and_his- 
tologically occurred in 1912. The scanty records, however, 
and the imperfect clinical accounts leave the question open 
as to whether even the majority were due to the same patho- 
genic causes. 

(2) The great increase in vaccination and the seasonal 
prevalence in certain areas of acute polio-encephalo-myelitis 
are facts which must be taken into account, though their 
effects cannot be definitely assessed. 

(3) It appears to be extremely improbable that the cases 
can have been due solely to the vaccine virus, and the majority 
of the Committee attaches no credence to this hypothesis. 

(4) It is not altogether improbable that vaccination may 
here and there have precipitated an encephalitis in a person 
harbouring another virus. 

(5) The rarity with which the factors necessary to produce 
such cases are simultaneously operative is shown by the absence 
of cases in other years, especially 1924, when their appearance 
was looked for. 
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“The Committee’s reference was to advise as to research 
work which would be likely to elucidate the nature of post- 
vaccinal encephalitis. 

“Ability to give such advice depended obviously on the 
conception formed by the Committee of the nature of these 
cases after full consideration of all the available data and of 
the circumstances under which they occurred. 

“The Committee desire to report to the Minister that on 
the evidence submitted to and examined by them, or other- 
wise elicited—admittedly defective as that evidence may be 
in certain particulars—there would appear to have been in the 
cases concerned something more than the mere overlapping 
in time of vaccination with some familiar or unfamiliar neuro- 
tropic virus, and that the unusual clinical and _ histological 
manifestations and lethal character of the best studied cases 
suggest that a combination of vira of the kind indicated above 
was operating. 

“The opinion thus expressed by them as a Committee is 
given without prejudice to any modification of this view that 
may be rendered necessary either by further observation and 
experience or by the outcome of experimental research applied 
to problems of this kind. 

“Suggestions for Future Research. 

“The Committee would suggest the more intensive study 
of neurotropic vira in general, with a view to improving the 
state of our knowledge concerning them, and, in particular, 
the close experimental study of any further cases of polio- 
encephalitis, which may occur in association with or inde- 
pendent of vaccination. To this end early information as to 
such occurrences is essential, together with full post-mortem 
examination by skilled observers, and immediate transmission 
to the laboratory of the material necessary for experiment. A 
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special problem, raised by the hypothesis put forward above, 
is eminently worthy of experimental investigation, namely, 
the effect of two vira acting concurrently. Thus, it should 
not be difficult to decide the question, whether or not vaccinia 
lowered the resistance of a susceptible animal to another virus, 
such as that of poliomyelitis or encephalitis lethargica, or even 
to ordinary bacterial infection.” 

This report was signed by all the members of the Com- 
mittee except Dr. McIntosh, who submitted a minority report, 
which began as follows: 

“Although I concur with the material embodied in the 
Majority Report, I am unable to subscribe to the conclusions 
expressed therein concerning the aetiology of the encephalitis. 
In particular is this true with regard to pp. 115, 121 and 122, 
in which the Committee has definitely set aside the hypothesis 
that the series of cases under investigation may have resulted 
solely from vaccination. Further, I consider that on epi- 
demiological, clinical, histological and experimental grounds, 
the evidence is such as to exclude the possibility of either the 
virus of poliomyelitis or of encephalitis lethargica playing a 
part in the aetiology.” 


ee 


After some discussion he concluded: three pos- 
sibilities remain as to the aetiology of these cases: 

“(a) That the vaccinia virus alone is responsible. 

“(b) That the condition is due to herpes or to some un- 
known virus. 

“(c) To a possible combination of (a) and (b). 

“In the report, when discussing the hypothesis of cerebral 
vaccinia, the present-day state of our knowledge as regards 
the pathological effects of vaccinia or smallpox virus on the 
central nervous system was summarised, and it is unnecessary 
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to go further into the matter. It is certainly true that it is: 
exceedingly difficult to produce brain lesions in series as 
Levaditi and Nicolau claimed to have produced. It is, how- 
ever, possible by the cerebral inoculation of vaccine lymph 
to produce a very definite general meningo-encephalitis in 
animals, and in the case of the encephalitis under review, it 
is not a question of transmission in series, but of the occur- 
rence of sporadic cases in relation to vaccination. 

“Now, recent experimental work has shown that in ordinary 
vaccination there is a generalization of the vaccinia virus in 
all the tissues of the body, and from the nervous tissue of 
the cases of post-vaccinal encephalitis vaccinia virus was 
demonstrated and isolated. The somewhat indefinite encepha- 
litis produced by the intracerebral inoculation of animals with 
the brain tissue from these cases is comparable with the results 
obtained when small doses of vaccinia virus are injected intra- 
cerebrally. 

“It can be urged against this view that in ordinary circum- 
stances vaccinia virus is present in the brain without producing 
any untoward effects, and this must be admitted. But it is 
also highly probable that new circumstances as to age, primary 
vaccination and extraneous circumstances (unknown virus, 
etc.) of which at present we are not cognisant, have played 
a part. On the whole the relative infrequency of these post- 
vaccinal cases of encephalitis suggests that vaccinia is only able 
to cause the condition in association with some accessory 
factor, such as indicated above. The postulation of an un- 
known virus does not help very much, however, toward a 
solution of the problem of the aetiology. 

“The exact relationship of the virus of herpes is somewhat 
more difficult to define. We know from recent experimental 
researches that this virus on inoculation into rabbits can pro- 
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duce an encephalitis. According to the researches of Levaditi 
and Harvier, there is considerable reason for believing that 
this virus, if not identical with, shows very close relationship 
to, that of encephalitis lethargica. But, so far, the virus of 
herpes has not been isolated from the human brain or cerebro- 
spinal fluid. Herpes virus, however, can produce a very definite 
keratitis, on scarification on the cornea of a rabbit. The ma- 
terial derived from cases of encephalitis under discussion, 
however, produced’ no such keratitis on inoculation, which is 
a fact somewhat against the view that herpes febrilis was the 
virus concerned. 

“Therefore, before vaccinia virus can definitely be put out 
of account as a possible aetiological agent, more data will 
have to be obtained concerning the frequency of these cases 
and the neurotropic effects of vaccinia about which, at present, 
there is some difference of opinion.” 

In addition to the sixty-two cases already mentioned, twenty- 
five additional cases were cited, making a total of eighty-seven 
cases. Five of these cases occurred in 1926, and twenty during 
the first nine months of 1927. The age distribution of these 
cases was from nine months to twenty years. Twelve patients 
died and thirteen recovered. Of the latter, twelve recovered 
completely, and one, an adult male, had a very protracted con- 
valescence and developed marked irritability of the urinary 
bladder. 

Of of the cases reported by the Andrewes Committee, ten 
have already been mentioned as having been followed up, 
and subsequent histories were obtained of twelve more. Seven 
are described as completely recovered; in three, a slight mental 
change is reported; one had a repetition of symptoms twelve 
months after the first attack; and one had been subject to 
fits since his illness. 
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It would therefore seem that the earlier assumption of com- 
plete recovery following post-vaccinal encephalitis is not borne 
out by facts, since in this report of twenty-two cases which 
were followed up, there were after-effects in six. 

The Report continues with references to cases reported in 
other countries. It is stated that the first recorded case of 
encephalitis following vaccination appears to have been re- 
ported by Comby in France, in 1905 (C 191a). 

After some discussion the Committee concluded: 

“Although further evidence has accumulated since the 
Andrewes Committee reported, no new facts have emerged, 
whether from epidemiological, clinical or experimental. re- 
seatch, which enable us to weigh with greater precision the 
vatious hypotheses of causation which both the Andrewes 
Committee and Continental writers have discussed. 

“We agree that on present evidence the association of en- 
cephalitis with vaccination is not fortuitous and that vaccinia 
cannot be held solely responsible for the nervous sequelae. 
On the other hand, when we come to weigh the hypothesis 
of combined virus action which appealed most strongly to 
the Andrewes Committee (at least as a provisional working 
hypothesis), it becomes extremely difficult owing to lack of 
essential facts to evaluate the hypothesis any more precisely 
than they did. . They simply stated that the facts might prob- 
ably find explanation on the assumption that vaccinia had the 
power to activate known or unknown neurotropic viruses that 
may be harboured by the vaccinee, and they therefore recom- 
mended the prosecution of experimental research directed to- 
wards the testing of this hypothesis. As is shown below, some 
preliminary experimental work on this point has been recorded, 
but it does not so far enable us to speak with authority on the 
possibility of combined virus action. The Dutch observers, 


OTHER TYPES 133 


we understand, are inclined to dismiss encephalitis lethargica 
as playing a possible rdle in conjunction with vaccinia and they 
suggest that both in Holland and in this country some un- 
known and otherwise innocuous virus may be harboured by 
individuals, particularly in country districts, which has the 
property of being activated by vaccinia and possibly also by 
the viruses of measles and of whooping cough; by itself they 
conceive it to be a harmless saprophyte. Like the Andrewes 
Committee, the Dutch observers exonerate vaccinia as the 
sole cause of the condition. In the present uncertainty with 
regard to the etiology of encephalitis lethargica and of the 
cerebral manifestations of poliomyelitis virus it would, we 
think, be inadvisable on the available evidence to exclude 
these conditions from playing a possible rdle in conjunction 
with vaccinia, particularly as we are ignorant of the alterations 
in the clinical and histological pictures that combined viruses 
may produce. Only further experimental research coupled 
with the prompt investigation of any further cases that may 
occur will throw light on this problem.” 

The experimental work carried out by various investigators 
was reported, and also the work done by Dr. Blaxall and Dr. 
McIntosh, which has already been recorded. 

The brains and cords of five additional cases were also exam- 
ined by Dr. Blaxall, and the presence of vaccine virus was 
demonstrated in two instances. These same cases, however, 
yielded negative results when examined by Dr. Maitland at 
the Lister Institute. 

A large number of experiments carried out with material 
from fatal cases, by Dr. Perdrau and by Dr. Maitland (on 
behalf of Professor Ledingham), to determine the presence 
of a virus, yielded negative or inconclusive results. Rabbits 
were used principally, also a few guinea pigs and one monkey. 
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Dr. Maitland and Dr. Gordon, the latter using a somewhat 
different technique, were unable to confirm Zurukzoglu’s find- 
ings in regard to the virus of vaccinia increasing the activity 
of the herpes vrius. 

Dr. Perdrau carried out experiments to determine the possi- 
bility of a mutual interaction of the viruses of vaccinia and 
herpes, or of vaccinia and the herpeto-encephalitis virus. 

Four experiments are described, the results of which may 
be briefly summarized as follows: 


1. The vaccinia virus was recovered from the brain of a 
rabbit seven months after intracerebral inoculation. 


2. Can herpes virus and neuro-vaccine exist side by side in 
the brain of the rabbit? The results of the experiment sug- 
gested that the two viruses might co-exist for at least two 
passages, and that they can be separated by the use of animals 
immune to one or the other of them. 


3, Experiments on cross-immunity between herpes and vac- 
cinia. It was not demonstrated that such a relationship exists. 


4. Activation of one virus by another. This was not demon- 
strated. 


Dr. Gordon carried out a series of experiments on vaccine 
virus in relation to encephalitis. The results of this work were 
not sufficiently conclusive to necessitate discussion. 

The pathology of post-vaccinal encephalitis was described 
by Perdrau. This has already been noted. 

In considering the subject of post-vaccinal encephalitis, cer- 


tain points seem to have developed as additional cases have 
been studied. 


1. The age distribution is far wider than was at first stated. 
Cases have been reported in the first year of life, and also in 
older children and adults. It is obvious that the greatest num- 
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ber of cases occur in the years when vaccination is most likely 
to be made. 

2. Although the first cases were originally diagnosed as epi- 
demic encephalitis, it was said a little later that post-vaccinal 
encephalitis could be differentiated clinically from epidemic 
encephalitis. A study of more cases has shown that the symp- 
tomatology of post-vaccinal encephalitis varies widely. The 
protean clinical manifestations of epidemic encephalitis are 
well known. It would seem that a purely clinical distinction 
between these two diseases would often be difficult, if not 
impossible. 

3. It was claimed at first that patients recovering from post- 
vaccinal encephalitis had no after-effects. The study of a 
larger group of cases revealed residuals in a number of in- 
stances. 

These points are not emphasized with the idea of indicating 
that post-vaccinal encephalitis and epidemic encephalitis are 
identical) as it has been stated by excellent authorities that 
they can be differentiated histologically. It is merely desired 
to call attention to the complexities surrounding the study of 
the subject of encephalitis. 


Chapter II 


SUMMARY OF THE TREATMENT OF EPIDEMIC 
ENCEPHALITIS 


The abstracts of the articles on epidemic encephalitis were 
prepared with the purpose of collecting as much definite infor- 
mation as possible with regard to the results of the very 
numerous methods used in treating the disease. A tabulation 
was made from the abstracts, collecting for each therapeutic 
agent the author and the reference reporting it; the dosage 
and method of administration, where these were given; the 
number of cases treated and the stage, when stated; and the 
results of the treatment or the comments of the author. This 
tabulation was then rearranged and recorded in the form in 
which it appears in this report. 

Certain general considerations must be taken into account 
in connection with the subject of treatment. Many authors 
did not report definitely on the number of cases treated, and 
often the results were expressed in general terms. In prac- 
tically no accounts were there any records of controls. The few 
containing such records were in connection with such drugs 
as hyoscine, atropine, stramonium, bulbocapnine, etc., for 
which only a symptomatic therapeutic value is claimed. It is 
probable that more weight should be given to the number of 
unfavorable accounts than to the number that are favorable, 
as physicains are much more likely to record successes than 
failures. Indeed many prominent neurologists have written 
very little on the subject of the treatment of this disease, and 
it is to be inferred that it is because no line of therapy has 
been sufficiently favorable to warrant a recommendation. 

In summarizing the favorable and unfavorable results of or 


136 


TREATMENT 137 


comments upon, many therapeutic measures, it is a striking 
fact that very often approximately two-thirds have been fav- 
orable, and one-third unfavorable. These results have a te- 
markable parallelism with the mortality of the disease in the 
acute stage. While the mortality has varied greatly in different 
epidemics, a fair average is from 25 to 30 percent. 

Lumbar punture has not been recorded, as it is obviously 
only a symptomatic measure. While a few reported unfavor- 
ably upon its use, the majority recommended it, if the pressure 
of the cerebrospinal fluid was increased. 

Certain physicians have strongly advocated special forms of 
treatment, both in the acute and chronic stages. To what 
extent the personal equation may have entered into their inter- 
pretation of results, it is at present impossible to judge. This 
can be done only by administering these various measures to 
a group of cases, with an adequate series of controls. 

In regard to the present status of the therapy of the dis- 
ease, one may quote Hall (H 29a) : 

“The evidence as to the real value of any of the many 
methods of treatment advocated is difficult to estimate in a 
disease the natural progress of which is so extremely irregular. 
The verdict on the whole is that, at present, any reliable thera- 
peusis, either for the disease itself or for its many after-results, 
does not exist.” 


ACRIFLAVINE, TRYPAFLAVINE, SEPTACROL* 


The dye was usually given intravenously, in doses of from 
5 to 25 cc. of a 0.5 percent solution, repeated six or more 


times. 
No series of cases with controls is reported. While the 
comments on, or results in, the acute stage are, with one 


* A closely related chemical containing silver. 


138 TREATMENT 


Number | Number Stage Comments of results 
of OPW aa Seana sop tkaane ar 
Not Favor- |Unfavorable 
Early | L St 
references | cases arly | Late nt age Spe OTL rere 
30 115 45 65 5 | Early 17 I 
Late 8 3 
Notstated| 2 3 


exception, favorable, the number of cases treated is too limited 
to make the observations of value. In the late stage there is 
even less evidence of value, as three out of eleven comments or 
results were unfavorable. 


Summary Comment.—Up to the present time acriflavine and 
allied substances have little to recommend them in the treat- 
ment of epidemic encephalitis. 


ADRENALIN 

Number | Number Stage Comments or results 
of of ae 
references| cases | Early | Late Not Stage Favor- |Unfavorable 
stated able | or doubtful 

71 80 24 II 45 | Early 6 2 

Wate 6 hy 

Notstated| 18 5 


The drug was given by mouth, subcutaneously, intraven- 
ously, or intraspinally. It was sometimes used in combination 
with other agents, as strychnine, urotropin, sodium cacodylate, 
pilocarpine, jaborandi, morphine, or thyroid preparations. It 
was also used in physiological salt solution in hypodermoclysis, 
and as ‘‘adrenenalized glycerated serum.” 
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Summary Comment.—There is no evidence to show that 
adrenalin is of any real benefit here, except possibly under 
certain conditions, as a symptomatic measure. 


AFRICAN RECURRENT FEVER* 


Number Number Comments or results 
of of Stage, late 
references cases Stage Favorable Unfavorable 


or doubtful 


4 71 71 Late 3 I 


* Caused by Treponema duttoni. 


The three accounts, in which improvement is recorded in 
about two-thirds of the cases treated, do not indicate definitely 
the degree of improvement, its character, nor its duration, 
beyond two or three months. The fourth investigator reported 
unfavorable results. 

The organism was kept alive in white mice, and 0.5 cc. of 
the blood of the mouse diluted to 10 cc. with normal saline 
solution was injected intramuscularly in doses of 1-2 cc. The 
recurrent fever is mild and spontaneous recovery follows. One 
report claims that this treatment has certain advantages over 
malaria. 

Summary comment.—The evidence concerning this means 
of treatment is too limited at the present time to permit of 
definite conclusions. Such results as have been reported war- 
rant its further use under carefully controlled conditions, and 
in a series of cases sufficiently extensive to make deductions 
therefrom of real value. 

For those interested in this treatment, the following refer- 
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ences are given to the bibliography: M 73, B 215, H 183a, 
P 39a. 


AMMONIUM BENZOATE 


Number Number Comments or results 
of of 
Rg es ite Stage RCnbe Unfavorable 
or doubtful 
3 Not stated | Not stated 3 


Ammonium benzoate was used in combination with urotro- 
pine and sodium salicylate. All the references are given by 
the same physician, and favorable results are reported, but as 
the three drugs were combined, it is impossible to evaluate the 
efficiency of each one. Evidence is otherwise entirely unsatis- 
factory, as the number of cases is not stated, and no definite 
information is given. 


Summary comment.—Reports on this drug are insufficient 
to recommend it. 


ANTIMONY* 
Number Number Comments or results 
of of 
references cases Stage RAvornbls Unfavorable 
or doubtful 
I 3 Late I 
* Stibenyl. 


The drug was used intravenously, in doses of from 5 to 30 
cg. in three cases of Parkinsonism, with marked improvement 
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reported. The small number of cases makes the evidence insuffi- 
cient and leaves the value of the treatment doubtful. 


ANTIPYRINE 


Number | Number Stage Comments or results 


of of 
references | cases | Early |Notstated| Stage 


Favor- |Unfavorable 
able | or doubtful 


5 Io 7 8 Batly: imc, onan 2 
Not stated Ds I 


The drug was given intravenously once to a patient who 
died; otherwise it was presumably given by mouth. In one 
series in which six patients were treated, the antipyrine was 
combined with quinine and anti-pneumococcus serum. Another 
patient was treated by antipyrine and a combination of many 
other agents. No conclusions are justified concerning the 
value of antipyrine in the treatment of the disease process, 
though it may be helpful symptomatically. 


ARNICA (TINCTURE OF) 
There was only one reference to this drug, and it was appar- 
ently used in only one case. The effect was not stated. The 
conclusions to be drawn are obvious. 


ARSENIC* 

A great variety of preparations of arsenic were used. In 
certain instances it was simply stated that arsenic or arsenic 
compounds were employed. Sodium cacodylate was most 
commonly referred to, being mentioned seventy-one times. It 
was usually given hypodermatically in large doses, up to 1 gr. 


* Salvarsan preparations are listed elsewhere. 
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eee 


Stage Comments or results 
Number | Number 
of refer- of a Faroe! Unfavor- 
ences cases | Early | Late | cated Stage tsi able or 
doubtful 
146 142 15 97 30 Early 8 Fi 
plus plus Late 50 28 
several several Not 15 16 
hundred hundred stated 


daily, but the dosage and the time interval varied greatly. It 
was occasionally given intravenously. In the large series of 
several hundred cases it was given intravenously in a 50 per- 
cent solution, 0.5 to 2.5 gr., three times a week. Arsenous 
acid was sometimes used, also hectine, galyl, Fowler’s solu- 
tion, iton cacodylate, a compound of arsenic and antimony, 
a combination of arsenic and phosphorus, and sodium cacody- 
late with scopolamine hydrobromate. 

In the later writings there are references to arsylene (sodium 
cacodylate with an allyl radical substituted for an alcohol radi- 
cal), which is given by mouth or hypodermatically, and, glu- 
cosated, intravenously, the dosage being 10 cc. of a 4 percent 
solution. 

In most instances not enough cases were treated by any one 
group of workers to make the evidence very reliable, especially 
as there were no controls. In general the drug would seem to 
be useful in the chronic stage, but against this apparent evi- 
dence is the statement made in one reference that sodium 
cacodylate was used intravenously in “several hundred” cases 
in the chronic stage, and that the ultimate result was striking 


only in a few patients, particularly those with a positive 
Wassermann reaction. 
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Summary comment.—The weight of evidence in favor of the 
arsenicals is slight, the number of investigators favoring these 
being counterbalanced by an almost equal number reporting 
unfavorably. Arsenic evidently has no specific value, and the 
favorable reports may well be due to its general tonic effect. 


ATROPINE 
nn TEE 
Number | Number Stage Comments or results 
of of 
references cases Early Late Stage Favor- |Unfavorable 
able | or doubtful 
75 105 I 104 | Early I 
Late 52 13 
Not stated I 


The drug was given in the form of atropine, tincture of 
belladonna, or bellafolin. It was sometimes combined with 
morphine or hyoscyamus, bromide and chloral, and in one 
instance it was recommended to be given alternating with 
scopolamine. The atropine was given orally, subcutaneously 
or intravenously ; the tincture of belladonna orally in doses of 
from 10 to 30 minims three times a day; the bellafolin, orally 
or subcutaneously. 

Summary comment.—The reports on the use of atropine or 
its derivatives indicate that this drug has value in the treat- 
ment of symptoms in the chronic stage. Even here it is not 
unanimously endorsed. Hall (H 31) reports favorable results 
in Parkinsonism with large doses of the tincture of bella- 
donna, from 10 to 30 minims three times daily. 
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AUTO-SERUM THERAPY 


Blood Serum 


Stage Comments or results 
Number | Number 
of refer- of Nar eee. Unfavor- 
ences cases | Early Late mare Stage eae able or 
doubtful 
36 156 32 114 10 Early 5 6 
Late Io 5 
Not 
stated 3 on 


The treatment consisted in injecting the patient’s own serum, 
either intraspinally in doses of from 10 to 15 cc., or in some 
cases intramuscularly. 

Summary comment.—The evidence of the cases reported 
offers nothing to recommend this mode of treatment. 


AUTO-SERUM THERAPY 
Cerebro-S pinal Fluid 


Stage Comments or results 
Number | Number 
of refer-| of Nae Favor. |Unfavor- 
ences cases |: Early | Late seared Stage able able or 
doubtful 
24 33 13 15 5 | Early 4 
Late z: 
Not 
stated 3 3 


The treatment consisted in most cases in intravenous in- 
jections, also intramuscular or subcutaneous injections, employ- 
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ing the patient’s own cerebro-spinal fluid or that from con- 
valescent cases, in amounts usually from 5 to 25 cc. 

Summary comment.—The evidence of reported cases offers 
nothing to warrant the use of this treatment. 


BISMUTH 
Number Number Stage Comments or results 
of of 
references cases Late Stage Favorable |Unfavorable 
or doubtful 
4 2 2 Early r 
iate I re 
Not stated I 


Bismuth was used twice, and a bismuth compound with 
iodine and arsenic once. The dose was not stated, nor the 
method of administration, except by one author, who in- 
jected it. 

BLoop TRANSFUSION OR HUMAN SERUM 


Number Number Stage Comments or results 
of of 
references cases Early Stage Favorable Unfavorable 
or doubtful 
Human 
serum 
a 5 5 Not stated 
Blood 
transfusion 
5 3 3 Not stated 


The human serum was used subcutaneously in doses of from 
30 to 60 cc. by one author in five acute cases, of which only 
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two recovered. It was used intraspinally, early by one author 
who did not comment on the result. 

Blood transfusions are recommended by one author. Another 
reported improvement after their use. In one instance the 
patient died. Another patient died, but brain tumor was a 
complicating factor. The fifth author reported temporary 
improvement followed by death. 

' Summary comment.—There is no evidence to recommend 

the use either of normal human blood serum, or of blood 

transfusion, except in those cases in which blood transfusion 

may be indicated by the patient’s general condition. 
BROMIDES 

There were a number of references to the use of bromides, 
but these were used so obviously for symptomatic treatment 
only, that it did not seem worth while to collect and SEIS 
the references. 


BULBOCAPNINE 
Number Number Stage Comments or results 
of of 
references cases Late Stage Favorable |Unfavorable 
or doubtful 
9 45 45 Late 7 3 


The drug was given orally or subcutaneously in doses of 
from 150 to 300 milligrams. There are ten references to 
comments. One author stated that the drug had no effect on 
cases of epidemic encephalitis, but did help cases of paralysis 
agitans. A second author reported that the drug had more 
effect on the tremor in other conditions than in Parkinsonism. 
Another author stated that bulbocapnine had more effect on 
tremor than did scopolamine, atropine or luminal. It was also 
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said that the drug was not habit-forming, and that increasing 
doses were not necessary. One observer noted that relatively 
small doses affected the perception and produced fatigue. 

Summary comment.—tThere is some evidence that bulbocap- 
nine is of value in controlling tremor. The reports are not 
unanimously favorable, however, nor are they sufficient to 
warrant definite conclusions at this time. This drug evidently 
has no specific effect on the encephalitic process. 

For those interested in this drug the following references 
appear in the bibliography: F 55, J 54, J 55, J 56, J 57, J 58, 
L 244, M 252, S 82, E 38, and T 50a. 


CAFFEIN 
There were a few references to caffein, sometimes used 
alone and sometimes in combination with quinine and strych- 
nine, as well as with aspirin, phenacetin, bromides, chloral, 
and veronal. Its use was evidently purely symptomatic and 
the study of it was discontinued. Kolutrin, a caffein product 
from kola, was mentioned once. 


CALCIUM 


Number | Number Stage Comments or results 


of of 
references] cases | Rarly| Late 


Not Favor-|Unfavorable 
stated Stage able | or doubtful 


10 39 17 17 5 Early I 2 
Late I 
Not stated] 3 


Calcium chloride was used intravenously in doses of from 
5 to 10 cc. of a 10 percent solution. Calcium sandoz was 
given intravenously and intramuscularly. Calcium lactate was 
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given by mouth, and eusol, a combination of calcium borate, 
calcium chloride and hypochlorous acid, was given intraven- 
ously. This last was used in fifteen cases, in the acute stage, 
with unfavorable results. 

Summary Comment.—The evidence is against the value of 
calcium, either in the early or the late stage of the disease. 


CAMPHORATED OIL 
Work on the references to this drug was not completed, on 
account of its purely symptomatic use. 


CANNABIS INDICA 
Only one reference is given to this drug, for treatment of 
one late case, with unfavorable results. 


CHLORAL HYDRATE 
As this drug was used only symptomatically, the study of 
the references was not completed. In general, its sedative ef- 
fect seemed to be good. 


CHLORINATED WATER 
There was only one reference to chlorinated water. The 
number of cases treated was not given, and it apparently had 
no effect. It was said to have been injected, but neither the 
manner nor the amount was stated. 


CICUTIN AND CONIUM 


Number | Number Stage Comments or results 
of of < : 
references Cases Os Unfavorable 
Late ene Stage {Favorable Seagate 
14 3 2 I Late 3 
Not stated 4 2 
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The drug was given in the form of cicutine bromohydrate, 
subcutaneously, in doses of 1/2 to 3 mg.; also as fluid extract 
of conium in doses of from 3 to 15 mg. three times daily; and 
as conium hydrobromate. 

Summary comment.—The evidence is entirely unsatisfactory, 
because of the limited number of cases and the uncertain 
results reported. 


COLLOIDAL METALS 


Number | Number Stage Comments or results 

s ot Noes Favor tia ono} 
references} cases oF avor-|Untavorable 
Early “| Late stated Stage able | or doubtful 

98 126 52 3 Fae Early, 7} 8 

aie oa Late 7. 
“Many” |"'Many”’ Not 26 18 
stated 


Various colloidal metals were used. Electrargol was most 
frequently mentioned. Collargol, electrocollargol, colloidal 
gold, lantol (colloidal rhodium), colloidal mercury, colloidal 
iodine, orargol (10 percent gold, 90 percent silver), argotro- 
pan (1 percent. colloidal silver, 20 percent hexamine), dis- 
pargen( a colloidal silver preparation), and other colloids 
were mentioned by trade names. Most of these colloidal 
preparations were given intravenously or intramuscularly. Elec- 
trargol was occasionally given intraspinally. Often it was 
simply stated that they were injected. 

Summary comment.—As the basis of this treatment is en- 
tirely empirical, it is mecessary that the evidence in support 
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of it should be unequivocal. This is not the case with collvidal 
metals. A much larger number of cases with adequate con- 
trols is necessary before definite conclusions can be drawn. 


CONVALESCENT SERUM 


Number | Number Stage Comments or results 
of of 


references| cases | Farly| Late 


Not Favor-|Unfavorable 
stated Stage able | or doubtful 


62 102 76(2) | 10) | 16 | Early 15 8 
‘ Late 3 
Notstated| 10 14 


The serum was used intraspinally in doses of 5 to 30 cc., 
intramuscularly in doses of from 20 to 80 cc., and intra- 
venously in doses of from 50 to 100 cc. 

Summary comment.—The evidence of -results from this 
treatment indicate it has no value. In view of the chronicity of 
the disease, it is possible that the serum from apparently con- 
valescent patients may still be infectious. 


CURARE 


There was one reference to this drug citing three cases in 
the late stage. Curare was given intramuscularly in doses of 
0.01, 0.02 and 0.03 cgr., with only temporary benefit. 


DIGITALIS 


As its use was purely symptomatic, work on the references 
was not completed. 
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ESERINE 
Number Number Stage Comments or results 
a 2 Unf. bl 
references cases Earl avorabie 
y Stage Favorable Seoubeial 
5 I I Baclyjiags } |) gan I 
HCN 5 RG Seen en eae I 
Not stated I I 


The eserine was administered hypodermatically in doses of 
1/100 to 1/30 gr.; it was also given as eserine salicylate, 5 m. 
every six hours. 

ETHER ANAESTHESIA 

There was one reference to the use of ether anaesthesia, in 
one case in the early stage of the disease. The only benefit 
was the relief of myoclonus. 


FIXATION ABSCESS 


Number | Number Stage Comments or results 


of of 


Not’ Favor-|Unfavorable 
references} cases | Rarly | Late 


stated Stage able | or doubtful 


93 202 167 2 33 ‘| Early 21 
LB ENP AI ine three 
Not stated] 25 II 


The fixation abscess was usually produced by the injection 
of from 1 to 2 cc. of turpentine. In some instances sterile 
pus from horses, injected with turpentine, was used instead. — 

Summary comment.—The relatively large proportion of un- 
favorable reports would seem to indicate that this mode of 
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treatment has little value. There is no evidence that fixation 
abscess exerts a specific influence on the course of the disease. 


GELSEMIUM 
nn —————————EEes=S=QQe_=SQs=_S=S=SeEE 
Number | Number Stage Comments or results 
os CF Not Favor-| Unfavorable 


pees boat Early | Late stated Stage able | or doubtful 


7 Br |stanuee 15 3 Early 
Late 5 T 
Not stated]...... I 


The gelsemium was administered as the fluid extract, 7 m. 
orally, or as the hydrochlorate, 1/30 gr. orally or subcutane- 
ously, three times a day. It was also stated that 1/7 mg. of 
gelsemium was given. 

Summary comment.—The evidence is insufficient. 


GENTIAN VIOLET 


Three early cases, treated with gentian violet, were referred 
to, in one reference; the outcome was stated to be favorable. 
Gentian violet was given intravenously, 3 mg. per kilogram 
of body weight. The evidence, however, either for or against 
‘ais drug is insufficient. 


GLUCOSE 
Number | Number Stage Comments or results 
of ot N Favor- |Unfavorabl 
references| cases oS populace 
oe stated peaee able | or doubtful 
7 3+ 3 “Several’’| Early Seat ee 3 
“Several” Not stated 4 
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Glucose was given intravenously in doses of varying sizes, 
fromm 30 to 300 cc. of a 25 percent solution to 500 cc. of a 10 
percent solution. Adrenalin was added in one instance. 

Summary comment.—Evidence available in reports is incon- 
clusive. Verbal reports from authoritative sources are favor- 
able, although no specific value is claimed. 


GOMEROL* 


Gomerol was administered to one patient, who recovered. 
The size of the dose and the method of administration were 
not stated. 


HYOSCINE 
Number | Number Stage ‘Comments or results 
et a N Favor Watsyorekt 
references} cases "ig he Salhi La hata 
Early) Late stated Stage able | or doubtful 
88 78 3 65 10 | Early 3 
4 + Late 50 10 
“A few"’ “A few” Not stated} 13 2 


Hyoscine was usually administered in the form of hyoscine 
hydrobromide, hypodermatically in doses of from 1/400 to 
1/100 gr. It was also given orally, 1/25 to 1/100 gr. It 
was sometimes combined with other drugs, as stramonium, 
belladonna, scopolamine, chloral hydrate, or codeine sulphate. 
Duboisin, an alkaloid identical in composition with hyoscya- 
mine, was mentioned four times. It was given orally in doses 
of from 2.to 3 mg. daily. 

Summary comment.—Evidence shows hyoscine to be one of 
the most reliable drugs in the symptomatic treatment of epi- 


* A complex oily liquid distilled from the leaves of niavul. 
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demic encephalitis. It acts in the early stage to quiet delirium 
and mental excitement, and to arrest myoclonic twitchings. It 
is especially useful in late stages to control tremor, especially 
of the Parkinsonian type, and to lessen the intensity of myo- 
clonic and ocular spasms. There is no evidence that it has a 
specific influence on the process of the disease. 


IoDIDES, TOTAL 


Number | Number Stage Comments or results 
of of 
references| cases | Early | Late oh Stage Bc penne 
99 291 144 | 127 20+ | Early 20 5 
“Several’’| Late 23 Iz 
Notstated| 16 6 


A great variety of iodine preparations were used: tincture 
of iodine administered by mouth; potassium iodide; iodoform; 
septo-iodine; Pregl’s solution given intravenously, in doses 
of from 10 to 300 cc.; sodium and potassium iodide with 
bromides; iodine and arsenic; sodium iodide glucosated with 
arsenic, given intravenously; sodium iodide given  intra- 
venously, in doses of 100 cc. of a 10 to 25 percent solution. 
One writer used sodium iodide intraspinally and also in the 
ventricle. 

Summary Comment.—The evidence is insufficient to justify 
final conclusions. Enthusiastic recommendations for intra- 
venous administration have been made. The justification of 
claims of benefit from this treatment is not yet established. 
Evidence regarding a specific influence of iodides on the lesions 


is not convincing. This method requires extensive further 
trials, properly controlled. 
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Number | Number Stage Comments or results 
se y N F Unf. bl 
ot avor- |Unfavorable 
Sect kone Barly | Late stated Stage able | or doubtful 
lodoform 
r: 2 es ee 2 Not 1 (some- 
stated| what 
favor- 
able) 
Septo- 
iodine* 
2. 2 Tam eter I Early I 
Not 1 (im- 
stated] proved 
ocular 
spasms ) 
Pregl’s 
solutiont 
10 100 II 2I 68+ | Early 5 
Several | Late 2 3 
Not 
stated py 
Sodium 
iodidet 
9 64 2: (Spe creak Barlyate eee 2 
ane ii 


* Dose, Io cc. 
+ An antiseptic solution of the sodium salt of hydriodic acid and iodic 
acid with metallic iodin, 0.04 per cent. Dose, 10 to 300 cc. 
t Dose, 100 cc. of a 10 to 25 percent solution, 


156 TREATMENT 


On account of the interest in the intravenous use of iodides 
this detailed table of references to this method of treatment 
has been included. 


LUMINAL AND GARDENAL* 


Number | Number | © Stage Comments or results 
f f 
see pas Early | Late Not Stage Favor-|Unfavorable 
stated able | or doubtful 
28 29 a 15 Ta aanly, a 
Late 12 
Notstated| 3 I 


* Gardenal is a French preparation of luminal. 


Luminal was usually given by mouth in fairly large doses, 
sometimes as large as 6 grains daily. In one instance a com- 
bination of luminal and sodium was given intraspinally. 
Gardenal was usually given by mouth, 10 to 20 cgr. daily. 
It was also given by injection, and sometimes in combination 
with arsenic or hyoscine. 

Summary Comment.—The evidence indicates it to be of 
some value in symptomatic treatment. 


MAGNESIUM 
Number | Number Stage Comments or results 
of of 
references| cases Early Not Stage Boy ales aso: Abie 
stated able | or doubtful 
15 9 3 6 Bar lyoae eee cae I 
Late 2 
Not stated 4 4 
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Magnesium was used as the sulphate, except in one in- 
stance, when the chloride was used. Magnesium sulphate was 
administered intraspinally; also intravenously, in doses ‘of 
from 4 to 10 cc. of a 25 percent solution; intramuscularly, 
in doses of 5 cc. of a 25 percent solution; and also-as a 
high enema combined with camphor and tincture of opium. 

Summary Comment.—Thete was no evidence of any benefi- 
cial effect. 


MALARIA INOCULATIONS 


Number Number Stage Comments or results 
of of 
references Cases Tate ates ret SPs Unfavorable 
3 ? or doubtful 


9 24 24 Late I 5 


Summary Comment.—The weight of evidence is against 
the use of the malarial plasmodium in the treatment of epi- 
demic encephalitis. 

MEDINAL 

The use being symptomatic, work on references was not com- 

pleted. It was apparently a satisfactory sedative and hypnotic. 


MERCUROCHROME 
Nember | Namber Stage Comments or results — 
of of 
references cases Early aus Stage Joel aeae 5 
5 5 2 3 Early I 
Not stated I 2 
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The mercurochrome was used intravenously, 5 mg. per 
kilogram of body weight in a 1 percent solution. It was 
used intraspinally in one case, which had a fatal outcome, 
the dosage being 2-5 cc. of a 0.5 percent solution. 

Summary Comment.—The weight of evidence is against 
the use of mercurochrome, but the number of cases is too 
small to make the evidence of value. 


MERCURY 
Number | Number Stage Comments or results 
of of 
references| cases |Early| Late oe Stage i eee 
47 73 29 25 19 | Early 7 2 
Late 5 
Notstated| 14 4 


The mercury was given at times by inunction. Various com- 
pounds were used, such as bichloride, cyanide, benzoate, 
salicylate, gray powder, calomel, biniodide,. and enesol (mer- 
cury salicylarsenate), which was given intramuscularly, in 
doses of from 314 to 30 cc., and intravenously, in doses of 
from 5 to 10 cc. The cyanide of mercury was also given 
intravenously in some instances. 

Summary Comment.—Thete is no evidence to show that 
mercury exerts any specific control over the process or lesions 
of epidemic encephalitis. 


METHYLENE BLUE 


Methylene blue was used once, and argochrome (a combina- 
tion of silver and methylene blue) once. Neither the dose 
nor the method of administration was stated. 
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Number | Number Stage Comments or results 
of of 
references| cases Early Not Stage Favorable Unfavorable 
stated or doubtful 
2 zi I I Early I 


Not stated I 


Summary Comment.—tThe evidence is insufficient. 


MISCELLANEOUS FOREIGN PROTEIN 
=——e=e=e=e_eeeee_e=eQe=__e=_ae=__=_S___ _____S3 


Number | Number Stage Comments or results 
of of = * Sane yaa cane ae | 
references} cases | Early| Late Not |: Stage Favor-|Unfavorable 
stated able | or doubtful 
50 117 55 50 12 | Early 6 2 
Late 13 6 
Not stated] 10 


A great variety of foreign proteins were used, often called 
by trade names, and sometimes it was merely stated that 
protein therapy was employed. Intramuscular injections of 
from 2 to 10 cc. of sterile milk were perhaps most frequently 
used. Casein was used intraspinally, 0.5 to 2 mg. in 10 cc. 
physiological salt solution; buttermilk was also injected intra- 
spinally. Peptone and leucotropine were injected intra- 
venously. Typhoid vaccine was mentioned four times; the 
dosage in one instance was from 2 to 20 million bacilli in- 
travenously. 

Summary Comment.—The evidence concerning the value 
of treatment by foreign protein shock is not decisive with 
regard to any specific action upon the disease. The number 
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of unfavorable reports bear about the same ratio to the favor- 
able, i.e.: 1:2, or 1:3, that has existed in regard to many of 
the therapeutic agents already considered. 


NICOTINE 
Number | Number Stage Comments or results 
hake hie Late Stage Favorable peas 
4 30 30 Late 4 


The nicotine was given subcutaneously in doses of 1/30- 
lly da aed 

Summary Comment.—There is some evidence that nicotine 
is useful in relieving the tremor, but it may have a tendency to 
increase the rigidity. This objection makes its usefulness 
questionable. This drug has nothing more to recommend it 
than has hyoscine and its derivatives. 


NovocaIN 
Number Number Stage Comments or results 
of of 
references cases Late Stage isacoeanle Unfavorable 
or doubtful 
2 7 7 hate I 
INotistatied eee. sates I 


The novocain was given in the epidural space in one in- 
stance, and by injections in another, the dosage being 5 to 8 
cc. of an 0.5 percent solution. 
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Summary Comment.—The evidence is too limited for aay 
conclusions to be drawn. 


OPIUM 
The references to this drug were apparently to its symp- 
tomatic use only. The work on the references was therefore 
not completed. 


ORGANOTHERAPY 
Number | Number Stage Comments or results 
of of 
teferences| cases | Early} Late MG Stage SOUS CTS 2 
stated able | or doubtful 
52 29 Go| ag 8 Early 4 I 
Late 7 
Not stated} 6 


Various endocrine preparations were used, and often a com- 
bination of several, so that an exact classification is not easily 
made. Some preparation of the pituitary gland, either alone 
or in combination, was referred to nineteen times; thyroid 
preparations eleven times; parathyroid four times; suprarenal 
three times; an ovarian product once; testicular extract once; 
Steinach’s operation was performed once, and there was a 
transplantation of the parathyroid, without success. 


Summary Comment.—Except in obvious cases of glandular 
disfunction, organotherapy is evidently of no value. 


OXYGEN 


The oxygen was used by inhalation by one author; by an- 
other, both by inhalation and in subcutaneous injections of 
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sie oO Sle Es i ae ee 
Number | Number Stage Comments or results 
of of 
Not Unfavorable 
S F bl 
references| cases Late eet tage avorable ase Aoubebal 
2 10 8 2 Late I 1 (case with 
tuberculosis) 
Not stated]. . - I 


300 cc., combined with subcutaneous injections of potassium 
permanganate. 


Summary Comment.—This treatment has little to recom- 
mend it, either empirically or scientifically. 


PARALDEHYDE 
—— 
Number | Number Stage Comments or results 
of of 

references | cases Earl Late Stage [Favorable Uniarorable 
“A Bi ordoubefil 

9 6 I 5 Early I 

Late I 

Not stated 6 


The paraldehyde was given either orally in doses of from 
1 to 4 drachms, or by rectum in doses of from 14 to 1 ounce. 
Its use was evidently symptomatic. 


PHENOL 


One reference was made to phenol treatment, in which 1 
cc. of a 3 percent solution was given along the spine intra- 
dermally, with favorable results. 

Summary Comment.—This treatment seems entirely with- 
out logical foundation. 


TREATMENT 163 
PHYSIOTHERAPY 
Number | Number Stage Comments or results 
a ‘a N Favor-|Unfavorabl 
ot avor-|Unfavorable 
Sahay Pee) Neha aa stated Stage able | or doubtful 
Electrotherapy* 
28 8 2 3 3, | Early I I 
Late 5 3 
Notstated| 2 3 
Radiotherapy 
20 58 I 56 1 | Early I 
Late 8 
Not stated} 3 
X-ray 
II 9 ° 4 5 | Early 
Late I 4 
Notstated| 6 
Hydrotherapy 
14 By fe) av o | Early I I 
Late 4 2 
Notstated| 2 ) 


* Galvanic, faradic and sinusoidal currents were used, also diathermy. 


General exercise, swimming and reéducation of muscles 
were referred to several times, with generally favorable com- 


ments. 


tion. 


PICROTOXIN 

One reference was given to the use of picrotoxin in a case 
in the late stage, in which the result was doubtful. The 
picrotoxin was administered orally and subcutaneously, 1/16 


gr. three times a day. 
Summary Comment.—This treatment has no logical founda- 
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POTASSIUM PERMANGANATE 


Number | Number Stage Comments or results 
f f 
plan ure Favor- Unfavorable 
Early | Late Stage able or doubtful 
3 9 I S21) | Harlyaa yh eeraaee I 
Late 1 |(Cases with tubercu- 
Notstated| 1 losis made worse) 


Potassium permanganate was used by one author subcuta- 
neously, in a dose of 1 cc. of a 1 percent solution, combined 
with oxygen subcutaneously. This has already been referred 
to under Oxygen. In ome instance it was administered by 
rectum and in another it was used for disinfection of the 
nasopharynx. 

Summary Comment.—There is no evidence from which to 
draw any conclusions in regard to the value of potassium 
permanganate in thts connection. Its power as a disinfecting 
agent is well recognized. 


PsyCHOTHERAPY 
Number | Number Stage Comments or results 
= i N F Unt bl 
t Mi 
aime oe ec 
25 20 fo) 3 17 | Early 
Late 3 5 
Notstated) 7 6 


Hypnosis, suggestion, psychoanalysis, and psychotherapy, 
were mentioned. 
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PYRAMIDON 


Four references were given to the use of pyramidon. Two 
gave favorable results; the stage of the cases was not, how- 
ever, stated. One reported unfavorable results, and one author 
did not comment on the result. Pyramidon was combined 
with phenacetin, and also with stovain and veronal. Its use 
was apparently only symptomatic. 


QUININE 
Number | Number Stage Comments or results 

¥ N Unf, bl 
references| cases he nfavorable 
Early eared Stage |Favorable erioettts 

51 72 26 46 Early 9 3 

TeAtC, setae oat: I 

Not stated 15 sipl 


Quinine was usually administered orally; sometimes intra- 
muscularly, intravenously, or rectally. It was sometimes com- 
bined with hyoscine, bismuth, caffeine and strychnine, or uro- 
tropine and sodium salicylate. Warious compounds were used, 
such as optochin, vuzin, eucupin, and diphenylethylhydrocu- 
prein. 

Summary Comment.—The evidence shows little in favor of 
quinine. It seems to have no specific effect on the disease. 


SALICYLATES 


Sodium salicylate was the preparation most often used, but 
sodium bisalicylate, aspirin and salol were also mentioned. 
Sodium salicylate was given orally, sometimes in combination 
with urotropin and ammonium benzoate, urotropin and strych- 
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Number | Number Stage Comments or results 


f 
of S Not Favor-|Unfavorable 
references} cases |Early| Late | stated | Stage ablelbieedoebeel 


96 284 210 38 36 =| Early 34 7 


Late II 5 
Notstated| 19 14 


nine, urotropine and quinine, urotropin, postassium iodide, or 
sodium cacodylate. Sodium salicylate was also given intra- 
muscuarly, intraspinally and intravenously. When given intra- 
venously, a solution in 10 percent glucose was often used to 
prevent the obliteration of the veins. The intravenous dose 
was usually from 7 1/2 to 45 grains. 

Summary Comment.—tThe salicylates seem to maintain their 
reputation for universal service in the treatment of a wide 
range of symptoms. 


SALT SOLUTION 


Number | Number Stage Comments or results 
of of Saar se . 
references} cases ot nfavorable 
Early ected Stage |Favorable Sednehenl 
LY 20 2 18 Early I I 


Not stated 8 


The salt solution was usually employed as a hypodermocly- 
sis, the dosage being from 200 to 500 cc. of normal saline, 
or when given intravenously, 500 cc. Adrenalin was used 
with the hypodermoclysis in one instance. Ringer’s solution 
was used twice as a hypodermoclysis, 200-300 cc. twice a day, 
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and 1000 cc. twice a week. In two instances, 10 cc. of a 15 
percent hypertonic salt solution was used intravenously. One 
author noted that the hypertonic salt solution was not so good 
as a hypertonic glucose solution. 

Summary Comment.—The evidence indicates that there is 
no specific value in the use of salt solution. Its value for symp- 
tomatic relief as a hyperdermoclysis is self-evident. As a hyper- 
tonic solution, it is evidently inferior to hypertonic glucose. 


SALVARSAN PREPARATIONS 


Number | Number Stage Comments or results 
+ = Matha | fo eens yor Usiaverable 
references] cases Oe avor-| Untavorapble 
Early) Tate stated Stage able | or doubtful 

73 75 3301|| oD 37+ ‘| Early II 4 

““Several’’| Late 3 3 

Notstated| 21 18 


Salvarsan, arsphenamin, or arsenobenzol were mentioned 
sixteen times; neosalvarsan, neoarsphenamine, novarsenobillon, 
and novarsenobenzol much more frequently. Silversalvarsan 
and neokharsivan were each mentioned in two of the refer- 
ences. 

Summary Comment.—The value of salvarsan or allied ar- 
senicals is doubtful. 


SCOPOLAMINE 


Scopolamine was given orally and hypodermatically. The 
dosage was usually from 14 to 1 mg. It was at times com- 
bined with sodium cacodylate, gardenal, morphine, or hyos- 
cine, and alternated with atropine. Genoscopolamine was 
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DN 


Number | Number Stage Comments or results 
f “4 Cc = Not Favor-|Unfavorable 
references a Early | Late aoe Stage SBie bGedoubetal 
131 109 Iz 84 13 Early 4 ae 
Late 70 Iz 
Notstated| 27 I 


mentioned as having a more lasting effect, and as being less 
toxic than hyoscine hydrobromide. 

Summary Comment.—For the symptomatic relief of tremor, 
scopolamine ranks about the same as hyoscine. 


SERA* 

Anti-ence phalitis serum. (Horse, immunized against polio- 
encephalitis in horses.) There is one reference to this serum. 
It was used subcutaneously, intravenously and intraspinally in 
two early cases. The result is not stated. 

Anti-encephalitis serum (Freeman). A horse was immun- 
ized with strains of organisms isolated from cases of encepha- 
litis by Evans and Freeman. 

There are two references to the use of this serum, both 
by Freeman. Fourteen cases were treated, nine acute, four 
chronic and one with stage unstated. It was used subcutane- 
ously or intravenously, in doses of from 50 to 100 cc. While 
it was stated that the results were favorable in some cases, 
apparently equally favorable results were obtained with a non- 
specific serum. The latter fact, together with the small num- 
ber of cases treated, leaves the value of the specific serum in 
doubt. There is nothing in the results to recommend the 
use of this serum. 


* With claims of specificity. 
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Rosenow’s anti-encephalitis serum.—The serum was in- 
jected intramuscularly, intravenously and intraspinally in doses 
from 5 to 40 cc. In regard to the largest series of cases, 130 
in all stages, it is stated that there was improvement in 65 per- 
cent of cases, mostly in the acute stage, and also some improve- 
ment in the chronic cases. 


Number | Number Stage Comments or results 
3 $3 F Unf. bl 
references| cases BNO Tg EA VOLAD EC 
Early | Not stated Stage pied bi deeb 
II 155 25 |130 all stages} Early 3 3 
Late I 
Notistated|,.5...: 7 


Summary Comment.—Figures on the basis of cases treated 
and reported as improved, show about the same proportion of 
favorable results as untreated cases. It is also to be noted 
that of the total number of comments made, more are unfav- 
able. There is nothing to indicate that this serum is specific 
for encephalitis. 


SERA, NON-SPECIFIC 


In addition, two other sera were each mentioned once, 
Query’s serum and anti-pyogenic serum. No description of the 
latter was found. Query’s serum, obtained from a monkey 
immunized by injection of the spirocheta pallida, was injected 
in one patient, who recovered; the anti-pyogenic serum was 
injected (manner and dose not stated) in four early cases. 
The results were not favorable. 


Summary Comment.—The variety and number of sera used 
and their complete lack of relation to the etiology of the dis- 


170 TREATMENT 


Number | Number Stage Comments or results 
of of 


references| cases | Karly | Late 


Not Favor-|Unfavorable 
stated Stage able | or doubtful 


Normal holrse serum* 
10 9 fe) fo) 9 Early 
Notstated| 5 I 


col 


Antidipht\heritic seru\m** 
22 16 II fo) 5 Early 6 I 
Notstated| 8 2 


Polyvalent| grippe seru\mt 


II 40 36 I 3 Early 2 2 
Late 
Notstated| 2 7 


Antimenin)cococcic ser\um{t 


17 22 20 a) 2 Early 3 4 
Not stated 


Anti-pest |serumt 
a 2 I fo) I Early I 
NOt Stated |e I 


Anti-pneu\mococctc ser|umtt : 
5 7 I Oo 6 Early I 


Not stated} 3 


Anti-strep|tococcic ser|um§ 
8 13 2: fC) I Early 
Not stated} 2 2 


Anti-tetan\us serum8§ 

10 10 2 2 6 Early I 
Late I 
Notstated] 5 I 
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ease, renders any observations upon them of little scientific 
value. It is significant to note that the majority of comments 
are favorable in regard to these sera, which can have no claim 
to specificity. The evidence concerning the results obtained 
from this form of therapy does not justify any conclusions in 
its favor. 


SIALOGOGUES* 


Number | Number Stage Comments or results 
of of 


references] cases | Rar ly | Late 


Not 5 Favor-|Unfavorable 
stated pase able | or doubtful 


34 25 10 7 8 Early 3 
Late 2 3 
Not stated} 19 


* Pilocarpine and jaborandi. 


* The serum was given subcutaneously, intramuscularly, intravenously 
and intraspinally, in doses of 10 to 20 cc. 

** The serum was used subcutaneously or intravenously in doses up to 
29 cc. and subdurally, the only dose stated being 5 cc. 

+ Grippe serum; influenza serum; antipheiffer serum; given subcutaneously 
or intramuscularly in doses of from 5 to 4o cc., and intraspinally, in doses 
of from 5 to 30 cc. 

{t The serum was given subcutaneously and intramuscularly, but usually 
intraspinally, in doses of 10 to 50 cc. 

t The serum was injected, route not stated, in doses of 20 cc. 

tt It was stated once that the serum was used intraspinally. The other 
references did not give the method. 

§ The serum was injected subcutaneously and intravenously in doses of 
10 to 20 cc. and once intraspinally. ’ 

§8§ The serum was injected intraspinally and intramuscularly—the doses 
were not stated. 
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Pilocarpine was used more frequently than jaborandi. It 
was administered by instillation in the eye, orally, and by in- 
jections. Jaborandi was sometimes given in the form of an 
infusion. Both were sometimes combined with adrenalin. 

Summary Comment.—Value only for symptomatic relief is 
claimed for these drugs. 


SODA 
Number | Number Stage Comments or results 
f f 
set lan Atte Not Favor- |Unfavorable 
Early stated Stage able | or doubtful 
7 1+ I “Several’’| Early 
*‘Several”’ Late 2 I 
Not stated 2 I 


The formiate of soda was referred to twice; the nucleinate, 
three times; the citrate, once; and Hayem’s serum, once. The 
sodium was given intramuscularly; the sodium citrate intra- 
venously, in a 2 percent solution. The dosage was not stated. 

Summary Comment.—The evidence is inconclusive. 


SOLANIN 
There is one reference to solanin. Neither the dosage nor 
the method of administration is stated. It was used in late 
cases, and was said to be not always effective. 


STRAMONIUM 


The stramonium was usually given in the form of pills of 
the powdered leaf (datura stramonium) in increasing doses, 
up to 1 to 2 grams per day. Some authors suggested a rest 
for several days, after ten days’ treatment. The tincture of 
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Number | Number Stage Comments or results 
of of e ; es 
references| cases Gs avor- |Unfavorable 
Hate stated Stage able | or doubtful 
15 58 58 I Early I 
Late 10 
Not stated 2 


stramonium in doses of 20 to 90 mg. per day was also used. 
In one series, the effect was compared with laevo- and dextro- 
rotating hyoscine, and with atropine. It was found that better 
results were obtained with stramonium. The improvement con- 
sisted in a lessening of the muscular rigidity and over-saliva- 
tion, and an improvement in posture, speech and mental con- 
dition. The toxic effects were blurring of vision, which one 
author treated with eserine, and dryness of the mouth, treated 
by adding tincture of jaborandi and by the use of Burroughs 
and Wellcome’s ‘‘thirst quencher”’ tablets. 

As stramonium is receiving rather favorable comments in 
recent articles, references to the bibliography are appended: 
J 72a, J 72b, J 73, L 37a, L 37, L 38, L 231, L 81, M 162, P 
224, R 30a, S 161a, S 408, C 38a, G 128. 


STRYCHNINE 
Number |} Number Stage Comments or results 
f vi aot fe Not Favor-|Unfavorable 
ee ° Barly) Late stated Stage able | or doubtful 
44 52 26 15 my (end hy II 
ate 3 1 
Notstated| 11 3 
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Strychnine was often given by hypodermic injections. It 
was sometimes combined with caffeine and quinine, urotro- 
pine, adrenalin, urotropine and sodium salicylate, or sodium 
cacodylate. Strychnine cacodylate, with or without arsenate of 
iron, was mentioned once. Tincture of nux vomica was occa- 
sionally used. 

Summary Comment.—Its use was apparently only for 
symptomatic relief. 


SULPHUR 
Number Numbet Stage Comments or results 
of of 
references cases Hara Sess Foasbie Unfavorable 
8 or doubtful 
2 9 9 Early I 
Late 2 


One author stated that a 1 percent solution of sulphur 
depurata was injected intramuscularly, the dosage beginning 
with 1 cc. and increasing. He reported definite improvement 
in nine late cases and stated that the results in early cases 
were unfavorable. The second author recommended sulphur 
preparations in late cases. 


SURGERY 
Number | Number Stage Comments or results 
of of 
references| cases Early Tate Stage moe penance 
5 7O 3 67 Early I 
Late 5 
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The procedures that might be classed as surgical, were 
freezing with ethyl chloride, or severing the phrenic nerve; 
washing out the sinuses; removal of foci of infection, as 
tonsils or teeth; and sympathetic ramisectomy. This last 
operation was performed on sixty-two patients. The results 
of the first two were reported as favorable. Results on the 
remaining sixty have not been published, so far as we have 
been able to determine. 


TARTAR EMETIC 


Number Number Comments or results 
of of lay ep 
references cases Ntavorable 
Stage Favorable Pe dbatersl 
2 Not stated | Early I 
Late I 
INOUIS tate a] et eeeeer trae I 


One author used tartar emetic intravenously without re- 
sults. The second used stibiated tartar intravenously, 2 to 10 
cc. of a 10 percent solution. He reported recovery in early 
and late cases, but did not state the number of cases. 


THEOBROMINE 
Theobromine was used by one author in one case, the stage 
of which was not stated. It was given in 1 gr. doses, route not 
stated, with favorable results. 


TURPENTINE 
Turpentine was used extensively for the production of fixa- 
tion abscesses and has already been mentioned under that 
heading. In these cases it was apparently not used for that 
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Number | Number Stage Comments or results 
f f£ 
we ie ; Not Favor- |Unfavorable 
Early stated Stage able | or doubtful 
3 3 I 2 Baths ie jeer I 
Late I 
INGistated|peete I 


purpose, although two articles refer to its use subcutaneously. 
In one account the essence of turpentine was used intraspinally 
in an acute case which resulted fatally. 


URETHANE 


There was one reference to urethane, used in one early case 
intramuscularly, in 40 mg. doses. The result was favorable. 


UROTROPINE 
Number | Number Stage Comments or results 
e se N Fide Gallvera 
references} cases ou avor-|Untavorable 
Early | Late stated Stage able | or doubtful 
331 708 234 | 42 | 432 | Early 56 35 
Late 10 be) 
| Not stated) 1o1 56 


We find in the references accounts of the use of urotropine, 
hexamine, hexamethyleneamine, hexamethylenetetramine, uro- 
formin and methenamin. The drug was given alone, also in 
combination with sodium salicylate and ammonium benzoate; 
with salicylate; with salicylates and strychnine; with adrenalin; 
with salol; with chlorine; with quinine; with quinine and 
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salicylate; or with acid sodium phosphate. It was administered 
orally in doses of from 5 to 20 gr. three times a day; sub- 
cutaneously or intramuscularly up to 15 grains; intravenously 
in doses of from 15 to 45 grains in normal saline; intra- 
spinally from 15 to 30 grains, made up in a 40 percent solu- 
tion; by enemata, and often by combination of several of 
these methods. 

Summary Comment——For some reason this drug was used 
more extensively than any other. It has no specific influence 
on the disease. The claim made that it appears in the spinal 
fluid as formalin has not been substantiated. The compara- 
tively large number of unfavorable comments is significant. 
There is a suspicion that it may have been used by force of 
habit or as a placebo. 

VACCINES (BACTERIAL) 


Number | Number Stage Comments or results 


of of 
references} cases | Early | Late 


Not Favor-|Unfavorable 
Seancdl| «7850 |ablevordoubeful 


Influenza-\antigrippe* 


II 39 bus a DRee 14 | Early 6 I 
Notstated| 1 
Autogenou|s vaccine 
7 gaa Wr ath SW ilar aie los aes, Early I 
Late 2: I 


Not stated] 1 
Miscellan\eous bacteri|al vacci\nes 
15 at 5 6 10 | Early 3 I 
1B Te tee 
Notstated| 6 


Pow 


* The influenza vaccine was given usually subcutaneously; once intra- 


venously 
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Summary Comment.—tThere is nothing in the evidence to 
recommend these vaccines. 


VACCINE (RABBIT BrRaIN, LEVADITI) 


Number | Number Stage Comments or results 
of of a a ee 


Not Favor-|Unfavorable 
references} cases | arly | Late 


stated Stage able | or doubtful 


14 99 16 65 18 | Early 3 
Late 5 az: 
Not stated} 1 I 


This vaccine is prepared from the brains of rabbits inocu- 
lated with Levaditi’s strain “‘C.” The brain is emulsified in 
normal saline. It was at first used intraspinally, 1 to 5 cc. 
of a 5 percent emulsion. It is now used by subcutaneous or 
intramuscular injection. Most of the reports given in the 
literature are on the results obtained by intraspinal injection. 

Summary Comment.—lIf Levaditi’s strain ‘‘C’ is the etiol- 
ogic agent of epidemic encephalitis, this treatment rests upon 
a scientific basis. Many of the comments are favorable, but 
the data are as yet insufficient to enable us to reach definite 
conclusions. 

A list of references to the bibliography is appended: D 179, 
G58, Gr116, H 1132; H° 140) L103, 475)M 185, M«a7- 
M 88, N 102, P 177, S 401a. 


Chapter IV 
EPIDEMIOLOGY 


HIsToRICAL ACCOUNT 


There is no record of a previous outbreak of any similar 
disease comparable in extent and severity to the recent appear- 
ance of epidemic encephalitis. Many writers, however, have 
endeavored to show a relationship between the disease as we 
now know it and such earlier epidmics as the Tubingen 
Schlafkrankheit, the Italian nona, and others. Crookshank (C 
280a) in his book on “Influenza” has given a complete 
analysis of the historical evidence with regard to those events. 

The indeterminate characer of epidemic encephalitis renders 
conclusions concerning the nature of these previous epidemics 
uncertain. Two recent outbreaks of considerable importance— 
the Australian X-disease of 1917-18, and the Japanese en- 
cephalitis epidemic of 1924—have received careful study, but 
their relationship to epidemic encephalitis remains uncertain. 
The diagnosis of a condition that occurred thirty or a hundred 
years ago must be even more difficult. 

The first recorded cases of this epidemic had their onset in 
April and May, 1915, in Bucarest, Rumania, and were reported 
in 1916 by Obregia, Urechia and Carniol (O 6a, U 7) as 
“Encephalite hemorrhagique avec un diplocoque encapsulé.” 

Shortly afterward, on April 27, 1917, Cruchet, Moutier and 
Calmettes (C 314) published their article on “Quarante cas 
d’encéphalo-myélite subaigué.’”” These forty cases (later ac- 
counts added to the number) were studied in the French mili- 
tary hospitals, and occurred at Commercy, Verdun and Bar- 
le-duc in 1915 and 1916. Etienne’s cases (E 57, E 58) which 


ups) 
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also occurred in the French army in August, 1915, and May, 
1916, were in all probability epidemic encephalitis and should 
be included here. 

The group observed by von Economo (E 11, 11a, 13) in 
Vienna came later, in January and May, 1917. As profound 
lethargy was an outstanding clinical feature in these cases, 
von Economo applied the term encephalitis lethargica. This 
name was at once adopted and was used widely at first. Later, 
however, it became evident that lethargy was an inconstant 
symptom and the name given by Economo was gradually sup- 
planted by the more general term epidemic encephalitis. 

At about the same time as von Economo’s observations, 
sporadic cases appeared in widely separated districts. In Pola, 
on the coast of the Adriatic, a cadet was taken sick on Feb- 
ruary 16, 1917 (R 289); it is perhaps worthy of note that 
he had been in Vienna on leave February 3-12. In Kiel, 
Germany, one case developed in February (R 59), and an- 
other in Berlin, in May (K 56a); in February, there was a 
case in Warsaw, Poland (S 318); one in April in Kladno, 
Czechoslovakia (P 214). Early in 1917 also came the first 
reports of the X-disease in Australia. A case was observed 
in Morocco in June (P 224). In November and December, 
three cases were reported from Manchester, England, as epi- 
demic polio-encephalitis (so-called epidemic botulism) (M 
253); and in December, a case occurred in Basle, Switzer- 
land (B 225, S 300). 

Even during 1915 and 1916, there were scattered cases in 
many countries, which were unrecognized in the acute stage 
but whose true character became apparent later, when a 
chronic condition developed. Among these may be mentioned 
Hall’s case in England, June, 1916; Moewes’ case in Berlin, 
April, 1915; and Watson’s case in Yunnanfer, China, in 1915. 
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A study of the literature prior to 1915, reveals still other 
cases that, in view of our present understanding, may be 
looked upon as sporadic cases of epidemic encephalitis. Hall 
(H 29a) quotes several such instances: one described by Ray- 
mond and Claude in 1909 as “‘serous meningitis with fever, 
somnolence and diplopia; at autopsy perivascular cuffs were 
found in the central nervous system’; another, a case of 
paralysis agitans dating from a probable attack of encephalitis 
in 1910, reported by Souques; and two cases of “focal en- 
cephalitis” recorded in 1912 by G. W. Watson. 

Tilney and Howe (T 60) describe a case of the lethargic 
type, with onset in the winter of 1912-13. Serial sections of 
the entire brain stem were obtained for study. 

Even now, from time to time, patients are discovered who 
are suffering from chronic conditions probably following an 
acute attack of epidemic encephalitis dating back to pre- 
epidemic years. The history of such a case is given by Dr. 
Neal (unpublished data). This patient, born in July, 1910, 
developed “normally up to the age of eighteen or twenty 
months. He had learned to walk and to talk. He had had 
no infectious diseases. During the winter of 1911-12 he was 
ill with a fever, was stuporous and had convulsive movements. 
He became unable to walk or to talk and was in bed for six 
years. The parents had been told that he had poliomyelitis, 
a diagnosis based evidently on the inability to walk. When 
seen in July, 1928, he was mentally deficient, had an ataxic 
gait and general athetoid movements. The diagnosis of a post- 
encephalitic condition was confirmed on consultation with 
Dr. Hubert Howe. 

Green (G 128) has recently described a case of Parkin- 
sonism following an attack of acute encephalitis in 1914. 
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GEOGRAPHICAL DISTRIBUTION 


1918.—Early in 1918, a considerable group of cases of epi- 
demic encephalitis developed in England; others were re- 
ported from Glasgow and Dublin; one from Algiers; and 
three from Florence, Italy. The second outbreak of the X- 
disease in Australia reached its peak in February. Netter saw 
seven cases in Paris in March, and others were reported from 
Bordeaux in March and April. Professor Morquio wrote to 
Netter describing three cases seen in Uruguay in August, 1918. 
The French writer also describes two cases seen by Dr. Caryo- 
phyllis in Greece in October. Two cases were reported from 
Morocco late in the year. Sporadic cases occurred also in 
Sweden, Belgium and Holland. In Germany, the total number 
of cases was small for the year, but they were widely dis- 
tributed. Hoff reported 174 cases in Vienna in 1918. In 
September and October the disease was observed in the United 
States, in New York City, Iowa and West Virginia. 

1919.—In 1919 epidemic encephalitis was again prevalent 
in England and France. The first epidemic increase in Ger- 
many and Austria was observed during this year. There was 
a slight accumulation of cases in Holland and Belgium; small 
gtoups appeared in Norway and Sweden in the summer and 
fall. A few cases were seen in Portugal, and the end of the 
year marked the beginning of the epidemic in Spain. In China, 
Cadbury’s case occurred in February. Three cases were fe- 
ported from South Africa in February and March; and ten 
from New Zealand (R 264) during the period from March 
to May. Two cases were observed in Sicily (L 272) in Janu- 
ary and February. In Havana, there were two cases in March 
(M 361) ; and in May sporadic casese were seen in Argentina, 
Brazil and Peru. In the autumn the disease appeared in 
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Canada, the Philippines, the Ukraine, Western Siberia and 
India. One case (H 27) occurred in Mesopotamia in De- 
cember (retrospective diagnosis), and another in Peking. 

1920.—Late in 1919, there was an increase in the number 
of cases of epidemic encephalitis in Poland, Switzerland and 
Italy; this marked the beginning of the 1920 pandemic, the 
manifestations of which were especially violent in these three 
countries. In Czechoslovakia; too, the epidemic began in De- 
cember, 1919, but did not become pronounced until January, 
1920. In Austria the peak was reached in 1920. There was a 
considerable increase in the number of cases in Germany. 
Official reports showed a slight increase also in England, 
in Holland and in Denmark. In France, the presence of a 
severe epidemic was first recognized during this year. Spain 
and Portugal were also affected. The disease became estab- 
lished in Greece, and a group of cases was reported in Sicily 
(L 272). The United States and South America shared in 
the general outburst. Groups of cases were reported from 
Central Russia, from China, and from South Africa. Isolated 
cases were seen in Bagdad (G 115), in Alexandria (V 3) 
and in Palestine (David, J., Bull. et mém. Soc. méd. d. hop. 
de Paris, 44: 493, 1920). 

1921.—Although there was a general decline im the severity 
of the epidemic during 1921, this year marked its peak in 
Norway and Sweden, in Finland and in Belgium. There was 
a serious outbreak in England at the end of 1920 and during 
the first quarter of 1921. In France the disease occurred in 
an especially violent form in January (E 43). There was a 
small epidemic in Southern Lappland (Sweden) in February. 
In March one case was reported from the Isthmian Canal 
Zone (B 393). 


1922 and 1923.—The world-epidemic reached a low level 
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during 1922. Several groups of cases developed, however, 
during the winter of 1922-23. The second Winnipeg epidemic 
occurred at this time. In the Philippines, the disease made its 
first appearance in epidemic form in November, 1922, and 
in the spring of 1923. There was a small epidemic in Moscow 
during this same period. In Western Siberia the height was 
reached between 1922 and 1924. In 1923 there was a re- 
newed outbreak in Poland and this year marked the peak of 
the epidemic in Canada, and in the United States. Seven 
cases were observed in the Samoan Islands in the spring of 
1922 (M 166); and ten in Syria between December, 1922, 
and April, 1923 (S 173). In November, 1923, a case was 
seen in Dakar (Cape Verde) (H 113). 

1924.—The second peak of the pandemic of epidemic en- 
cephalitis occurred in 1924. During this year, the incidence 
in England, Wales, Scotland, and Ireland reached its height. 
Official reports for Prussia were also highest at this time 
Of the cases observed at the Union Medical College, China, 
the greatest number for any one year occurred in 1924. This 
year also was notable for the great epidemic in Japan. The 
nature of the disease observed there and its relationship to 
epidemic encephalitis is discussed in the section on Japan. 

1925, 1926, 1927 and 1928.—No important outbreaks have 
occurred since 1924. “Encephalitis lethargica seems to have 
lost its epidemic character, at least for the time being. Its 
incidence has decreased in all countries in recent years and 
its seasonal fluctuation has almost disappeared. . . . 

“It appears from statistics for the first half of 1928 that 
the general decrease of encephalitis lethargica is still con- 
tinuing in most countries. In Prussia and Scotland, however, 
the incidence was the same as during the first half of 1927, 
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and there was a slight increase in Sweden” (League of Nation: 
Monthly Epidemiological Report, R. E. 116, July, 1928). 
The League of Nations Monthly Epidemiological Reports 
show that cases of epidemic encephalitis have been reported 
from time to time during the recent epidemic period in widely 
separated portions of the world. These case reports have 
been collected in Table I, which is not offered as representing 
a complete record of the incidence of epidemic encephalitis 
in the countries mentioned, but simply as an indication of the 
fact that the disease is not limited to any geographical area. 


Table I 


INCIDENCE OF EPIDEMIC ENCEPHALITIS IN CERTAIN MINOR 
GEOGRAPHICAL DIVISIONS 


1920|1921|1922|1923]192.4|1925|1926|1927 
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From the League of Nations Monthly Epidemiological Reports. 


EPIDEMIOLOGY 187 


WoORLD INCIDENCE 


To compile an accurate statement of the total world in- 
cidence of epidemic encephalitis during the past ten years is 
impossible. In some countries the disease was not made notifi- 
able until the peak of the epidemic was past. Moreover, 
notification of this disease ‘is undoubtedly imperfect in all 
countries” (League of Nations Monthly Epidemiological Re- 
port, R. E. 116, July, 1928). “For every 100 cases notified 
there are about 50 to 75 mostly mild cases which escape 
notification” (P 46). 

We give below, for comparison, two sets of figures. In the 
first column (taken from the League of Nations Monthly Epi- 
demiological Reports) the results were obtained by “adding 
together the returns for six European countries for which 
fairly reliable data are available since 1920 and where en- 
cephalitis lethargica has been epidemic at one time or another 
(England and Wales, Sweden, Finland, Denmark, Switzer- 
land and Italy).’’ In the second column, the figures were 
obtained by adding together all official reports available for 
this Survey. For example, reports more or less complete, were 
obtained for seven countries in 1919; whereas in 1925, seven- 
teen countries are represented. 

“Mortality statistics, in the few countries where deaths 
from encephalitis lethargica are specified, are probably more 
complete and comparable than the morbidity records. It would 
appear from such statistics that the disease has been more 
prevalent in the United Kingdom, Sweden and Switzerland 
than in other [European] countries. . . . For the period 
1921-26, the death-rate (per 100,000 inhabitants) for this 
disease was 2.5 in England and Wales, 2.5 in Scotland, 2.7 
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Table Ia 


WoRrLD INCIDENCE OF EPIDEMIC ENCEPHALITIS 


Figures taken from , 
League of Nations Monthly| Figures taken from all 
Epidemiological Reports, available official 
for six European reports (Chart I) 
countries 
LO EO isha 2 3755 teh open Poe (MRO re mn eepReIer ede Sate ORS 962 
LOZ Pei aos senate wees 7,697 9,824 
EOD Trad 5 erect deren ays 4,649 59139 
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TSP arene ese 2,205 55244 
EGU AHH ie ee 6,196 9,877 
LOLs eek. eehacreelega 3,766 7,606 
EO2. O:ccrgsbes « Getea a eet: 2,991 7,141 
LASS MS Me oe O rd fee Oe 2,168 4,387 
LOMO ticstuaalt) eae aer 1,050 
Sl Ota lca. ast was 31,995 52,781 


in Northern Ireland, 2.6 in Sweden, 2.8 in Switzerland (1920- 
25), and 2.6 in Malta. It was somewhat lower in Denmark 
(1.6) and in the United States registration area for deaths 
(1.5). Still lower rates were obtaining in Australia (1.0), in 
New Zealand (0.8) and in the Netherlands (0.8). The 
highest death-rates for any single year were reported in 1920 
in Switzerland (7.5), and in 1921 in Sweden (6.3). In re- 
cent years, however, the incidence has been only half as high 
in Sweden and Switzerland as in the United Kingdom: 1.8 


in Sweden and Switzerland and 3.5 in England and Wales 
(1924-26).” 


CHART I 


EPIDEMIC ENCEPHALITIS 


INCIDENCE THROUGHOUT THE WORLD 


I9I9 — 1927 
(FIGURES FROM OFFICIAL REPORTS) 


I9I9. 1920 192!) 1922 1923 1924 1925 1926 1927 
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SEASONAL INCIDENCE 


Epidemic encephalitis is a disease of the winter months. 
This was readily apparent to all observers during the first 
years of the epidemic and is borne out, with but few excep- 
tions, by the earlier statistical reports. Am increase of cases 
in November and December of one year preceded a sudden 
rise to a peak during the first quarter of the following year. 
This is shown in the graph illustrating the incidence in Eng- 
land (Chart IV), in the curve for New York City (Chart 
V), and in that for 7,000 cases in the literature reports 
(Charts III and IIIa). In Switzerland 826 of the 984 cases 
reported for 1920 fell in January, February and March (Charts 
VI and VHI). More than half of the 177 cases observed by 
Netter in France from November, 1919, to November, 1920, 
occurred in December, January and February (Chart VIII). 
In Poland, however, the peak of the great epidemic of 1920 
was in April, May and June (Chart VIII) ; in Sweden, there 
was a secondary rise in the summer of 1920 (Chart VII). In 
England (Chart IV) and in Scotland in 1924, the epidemic 
was at its height in May, June and July. In fact, the total 
of available official reports for 1924 shows the peak of the 
world incidence for that year to be in May. The total for the 
yeats 1919-27, however, shows a predominance in February 
and March. 

The “mysterious disease’ in Australia and the Japanese 
epidemic of 1924, on the contrary, occurred in the late summer 
and early fall. Cleland and Campbell refer to the occurrence 
of the disease in New South Wales “towards the end of the 
hot, dry summer season, . . . . months characterized by rela- 
tive dryness and a bracing atmosphére with cold and some- 
times frosty nights.” 
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Kaneko comments upon the heat and drought of the sum- 
mer of the great epidemic in Japan. In China, too, although 
the winter months—"‘the period of dry cold and dust winds’ — 
showed the greatest incidence, August, the beginning of the 
dry season, came next. 

In Zamboanga, Philippine Islands, the cases reported for 
1923 occurred during a season when it was ‘“‘very hot during 
the day and very cold at night.” 

The characteristic preference of the European and Ameri- 
can form of epidemic encephalitis for the colder months 
has, however, undergone a change during the last few years. 
The League of Nations Monthly Epidemiological Report for 
February, 1927, comments as follows: 

“This disease, the early manifestations of which were of a 
clearly epidemic character has, as a matter of fact, during the 
last two years shown a distinct tendency towards attaining 
an endemic level subject to moderate seasonal fluctuations.” 
And again in September, 1927, we have the statement: ‘‘Sea- 
sonal fluctuations are becoming more and more uncertain; 
there was thus a slight increase of the number of cases in 
June in several countries of northern Europe.” 

The figures given in Table II (Chart II) were obtained 
from such official reports as were available for this Survey. 
The yearly totals are as accurate as the original figures from 
which they are compiled. The figures for the months have 
only a relative degree of accuracy. In certain cases the original 
report was given by quarters; in such instances the total was 
divided equally among the respective months. In other cases, 
the figures given for the months did not add up to the yearly 
total; in these instances the difference was divided propor- 
tionally among the months. 

For 1919, reports were obtained from seven countries; for 
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CHART II 


EPIDEMIC ENCEPHALITIS 


SEASONAL INCIDENCE THROUGHOUT THE WORLD 
I9I9 — 1927 


(FIGURES FROM OFFICIAL REPORTS) CASES 
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CHART IIIa 
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CHART V 


EPIDEMIC ENCEPHALITIS 


SEASONAL INCIDENCE = NEW YORK CITY 
CASE 1919 ~ 1927 
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CHART VIII 
SEASONAL INCIDENCE OF EPIDEMIC ENCEPHALITIS 


ASABE HESAL 


France, 1920. Suisse, 1920. 


Ville de New-York, 1920, Pologne, 1920. 


Reproduced from Van Boeckel, Bessemans and Nelis, V 19 
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1920, from ten; for 1921, from eight; for 1922, from ten; 
for 1923 and 1924, from fifteen; for 1925 and 1926, from) 
seventeen; and for 1927, from sixteen. 


AGE, SEX, OCCUPATION AND RACE 
Distribution by Age 


Epidemic encephalitis may occur at any age. It has been 
reported in the newborn by several writers, Harris (H 74), 
Parsons (P 47a), Bompiani (B 277), Jorge (J 61), and 
Ladroitte (L 14). At the other extreme, Netter is quoted as 
having seen a patient of eighty-seven years; MacNalty (M 
23) refers to the death of a woman of eighty-four years from 
this disease and Leiner (L 114) speaks of age incidence 
“to 96 years.” 

The age period of greatest incidence varies somewhat with 
the group of cases reported. Thus both in Dr. Neal’s series 
of 274 cases and in the Happ and Mason series of 79, 
50 percent were under fifteen years of age. These authors 
see a larger proportion of children than do many of those 
who have reported on epidemic encephalitis. It may be that 
many cases in the younger age periods are overlooked because 
of the greater difficulties in the diagnosis. The high incidence 
among children, especially in the age period under five years, 
was a conspicuous feature of the “mysterious disease’ in Aus- 
tralia in 1917-18, and is one argument advanced against the 
identity of this disease with epidemic encephalitis. 

In 1,273 cases in England and Wales in 1919 and 1920, 
the highest incidence (25.6 percent) was in the age group 10- 
20 years. Redlich reported 45 out of 160 cases (28.9 percent) 
in Vienna, and Stiefler 15 out of 59 cases (25.4 percent) in 
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CHART XI 


DISTRIBUTION BY AGE, SHOWING INCIDENCE (PERCENT) BY 
AGE GROUPS OF 864 CASES COLLECTED BY STRAUSS AND 
WECHSLER AND 528 CASES REPORTED BY CARRIERE 


Fig 47. Fix. 46. 
Statistique de Strauss et Wechsler. Statistique de Carriére. 
Etats-Unis dAmerique, Suisse. 


Reproduced from Van Boeckel, Bessemans and Nelis, V 19 
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Linz in the same group. In the Sheffield epidemic the in- 
cidence in this group was 30.9 percent. In the Polish out- 
break of 1920, Sterling found 315 (22.9 percent) of 1,374 
cases in the five-year group 15-19 years, a higher percentage 
than in any ten-year period for other ages. Fifty-five of 209 
cases (26.3 percent) reported by Madsen in Denmark were 
in persons between 15 and 25 years of age; in New York 
City, 88 (16.5 percent) out of 531 cases reported in 1926 
and 1927, came within this same age period. Strauss and 
Wechsler’s 864 collected cases showed a percentage of 25.7 
in the age’ period 21-30 years. This same age group was also 
the highest (34 percent) in Carriére’s series of 528 cases in 
Switzerland; and in Hoff’s cases in Vienna (38.4 percent). 
On the other hand, 32 percent of Netter’s fifty cases fell 
within the age group of 30-40 years. 

In the Japanese epidemic of 1924, the higher age groups 
were most affected; out of 2,936 cases, 668 (22.7 percent) 
and 646 (22.1 percent) were found to be in the ten-year 
periods 61-70 years, and 71-80 years, respectively. 

Of 9,680 cases collected for this Survey from the literature 
reports of all countries, the age was stated in 7,584 cases. Of 
these the age group 20-30 years showed the highest incidence; 
1,921 cases (25.3 percent) came within this period; the 10- 
20 year group stands next with 1,802 cases (23.7 percent) 
(Table IX, Chart XII). 

Thus it would appear that, with few exceptions, young 
adults are most susceptible to epidemic encephalitis. 


Distribution by Sex 


The majority of statistical reports show a greater in- 
cidence among males than among females. The records for 
the Ministry of Health (Great Britain) for 1919 ane 1920, 
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to be sure, indicate an almost equal division between the 
sexes: 634 males (49.8 percent) and 639 females (50.2 
percent). However, in the Shefheld epidemic in 1924 we find 
the usual predominance of males. 186 males (59.3 percent) 
to 131 females (40.7 percent). In Vienna, Hoff found 642 
males (57.6 percent) to 471 females (42.4 percent) ; in 
Switzerland, Carriére reported 278 males (52.5 percent) to 
250 females (47.4 percent). Of 531 cases in New York City 
in 1926 and 1927, 55.45 percent occured in males. Netter, 
on the other hand, in a small series of 70 cases found 29 
(41.4 percent) were in men and 41 (58.6 percent) in women. 
Of 8,537 cases collected from the world literature, in which 
the sex was stated, 4,935 (57.8 percent) were males, and 
3,602 (42.2 percent) females. 

Van Boeckel, Bessemans and Nelis do not find these figures 
significant of a specific electivity of encephalitis for the sexes; 
in general, they say, men are more exposed to infection than 
women are, and the figures for this disease are not out of 
proportion to the probable exposure. 

There is more variation in the results of analyses based on 
the relationship of sex incidence to age periods. Parsons found 
“that the scales are held fairly even all through the age 
periods’ (Table 3, England and Wales). Certain authors note 
a greater incidence among females in the earlier age groups, 
with a reversed ratio at later ages. Wynne’s figures for the 
Sheffield epidemic, for example, show more females (11) than 
males (3) in the period under 5 years. The same is true of 
Carriére’s report; under 5 years, there were 5 males and 7 
females. On the other hand, in Goldflam’s series there were 
7 males and 1 female in the period under 10 years and, in 
Goldstein’s 3 males and no females in the same group. These 
authors do not report the period ‘‘under 5 years’’ separately 
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It will be noted that the total number in the lower age groups 
in all the above series of cases, is small. In the New York 
City cases of 1920 we have: under 5 years, 23 males, 24 fe- 
males, 5 to 9 years, 26 males, 14 females. 

Dr. Neal (personal communication) reports 146 cases under 
10 years seen in New York City from September, 1918 to June, 
1922, as follows: 


Table Illa 


SEX INCIDENCE IN CASES UNDER 10 YEARS 
{NgeAL, New York} 


Age period 
Under 5 years 5-9 years 
M E Total M Is Total 
TOUS. Shee the ean tite I 2 3 I 2 3 
TOT QU aa crekste cit anes aieheters 14 4 18 ai 4 Ir 
EQUO s Pott gate akareicys 13 II 24 15 5 20 
OL Row psy hi ceva arste.. 8 5 17 12 29 13 9 22 
92.2. Meech acy aM ee sof 7 5 12 I 3 4 
Wotalld.: HONOR. ky 52 34 86 37 23 60 
Rercenta genau he ae 60.4 39.6 | 100 61.6 38.4 | 100 


Thus in this larger series, 60 percent were males in both 

age groups. 
In his review of the epidemic in Glasgow, Chalmers (C 84) 

gives figures for the ages under discussion (Table IIIb). 

Here again we find a high percentage of males in both 
groups. 

Of the cases collected from the world literature, 5,859 have 
been analysed with regard to age and sex incidence (Table IV, 
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Chart XIII.) Of this number, 577 were under 10 years; of 
these 56 percent were males and 40.5 percent females. (Sex 
not stated, 3.5 percent.) 


Table IIIb 


SEX INCIDENCE IN CASES UNDER 10 YEARS 
{ CHALMERS, GLASGow } 
Ell 


M i Total | Percentage of males 
Dindciachy.cats essen eeEr ace 23 II 34 66 
5-10 years... 25.2. ae =: 50 28 78 64 
73 39 mes | 
Table IV 


AGE AND SEX INCIDENCE OF 5,859 CASES COLLECTED FROM 
THE LITERATURE 


Cases Percentage 
Age grou Total 
Bian M B NS M 18 NS 

Wander wiyeat aaa es... 27 14 3 61 31 8 44 
Ten Qiao ach ges ehcigs ys hans? DOT | 2a 16 56 41 3 533 
OPS cd G-Oho eae RIOR clean 871 593 24 58 39 3 1,488 
Ber O MEE Trac ee 849 | 668 20 55 44 I 1,537 
LORS Os oem alco ala 627 | 416 II 59 40 I 1,054 
ASAD ee se eatate: FORM) 2255 6 68 31 I 734 
Or Cae 5 otek Cha ERE Nee 208 | 127 5 61 38 I 340 
CORSE & eine Seer ee 71 Bp jl. Bee 65 eyes '|: oe 109 
AOAT9 ie cece e 10 VOMRS. Be 50 50.) Hee. 20 
FLO taleRMRN, eter a cat lena eter lrameaenaty| » aytertcucl|iedeoake Nfl vhae yc, oiled: Guat 5,859 
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CHART XIII 


EPIDEMIC ENCEPHALITIS 


DISTRIBUTION OF CASES BY AGE AND SEX 


IN THE ENTIRE WORLD, (915~1927 
(LITERATURE REPORTS) 


MALE fi 
FEMALEL__] 


AGE ore 1-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 


YR 


EPIDEMIOLOGY Patel 


A study of this table shows little variation in the sex inci- 
dence at the different age periods indicated. Approximately 
60 percent of the total number of cases in each ten-year group 
are males; the lowest percentage of males (55) is found in the 
20-29 year group and the highest (68 percent) at 40-49 years. 
In general, the male incidence seems to be slightly greater 
above the age of 40 years than below that age. 


Occupation and Social Condition 


“There is no indication of any connection between occupa- 
tion and liability to infection,’ Hall (H 29a). James (J 25) 
found ‘‘among the adult male patients nearly as many occupa- 
tions as there were cases of illness.’’ Professor Wynne’s (W 
151) study of the occupations involved and of the social status 
of the patients in the Sheffield epidemic, led him to conclude 
that there was no relation between the disease and social con- 
ditions; the occupations were affected in due proportion 
to the population. Strauss and Wechsler (S 384) found ‘every 
conceivable. occupation tepresented.’’ Sterling (S 318) also 
concluded that neither social nor economic conditions played 
a rdle in the development of the disease; he listed 34 occupa- 
tions but found no one affected unduly. 

Parsons (P 47a) (Table 6, England and Wales), however, 
attempted a classification in the case of 1,070 patients for whom 
information was available and concluded ‘that the disease at- 
tacks chiefly those individuals who spend the greater part of 
the day indoors.” On the other hand, d’Arbela and Mon- 
tanari (D 31a) found the greatest number of their cases 
among the working and peasant classes. Kaneko and Aoki 
(K 14a) also found the incidence greatest among the peas- 
ants or farmers, and attributed it to overwork and exposure 
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to the hot sun while watering their rice fields during the 
drought. A study of the cases in Vienna led Hoff (H 189) to 
conclude that members of the professions and skilled laborers 
were noticeably affected, the metal workers particularly. In 
spite of the prominence of the metal industry in Austria, Hoff 
feels that the number of patients from this trade is relatively 
high. 

So varied are the occupations recorded in the 7,000 cases 
collected from the literature for this Survey, that no attempt 
has been made to classify them. It seems fair to conclude that 
neither occupation nor social condition bears any relationship 
to the susceptibility to epidemic encephalitis. 


Race 


Very little comment has been made in the literature on 
racial incidence. In Warsaw, Sterling found that the propor- 
tion of the Jewish race affected was high, compared with the 
population. No other reports confirming this observation have 
been found. Of the cases seen in India, South Africa and the 
Philippines, a high percentage occurred among the natives. 
The mortality too was high. These groups were all small, how- 
ever. As no large epidemics have occurred in any of these lo- 
calities, no conclusion could be ventured on the basis of these 
reports. In the United States the negro has not proved to be 
especially susceptible to the disease, at least if one may judge 
from the mortality statistics. According to the figures for 
mortality from encephalitis lethargica in the registration area 
of the United States, 1921-25 (Tables VI and VII), the in- 
cidence of mortality is higher among the white than among 
the colored population (League of Nations Monthly Epi- 
demiological Reports). Except for the great outbreak in Japan 
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in 1924, there has been nothing to suggest an unusual sus- 
ceptibility of the yellow race to this disease. 

The incidence of epidemic encephalitis has ado 
been greatest among the nations of Europe and in the United 
States. Whether this is due to a greater susceptibility of the 
white race or to the conditions, as yet undertermined, that 
were responsible for the recent epidemic, is a question that 
cannot yet be answered. 


MORTALITY 


The figures with respect to mortality vary greatly with the 
groups of cases reported. The low case mortality percentage 
(7.4) in Happ and Mason’s series of 81 cases is unusual, espe- 
cially in view of the fact that so many of their patients be- 
longed to the lower age groups, where the mortality rate is 
frequently high. Goldflam, of Warsaw, reported only 11.3 per- 
cent mortality in his group of 126 cases. Sterling’s figures from 
Warsaw were also low (19.3 percent.) Hall refers to the 
mortality (15.5 percent) of von Economo’s early group of 13 
cases and believes that ‘‘these figures probably represent the 
general mortality very fairly.” Most writers, however, give 
a higher percentage. Of Cruchet’s 48 early cases at Bar-le-Duc, 
37.5 percent were fatal. Chalier, of France, (C 81a) places 
the mortality at from 40 to 50 percent; Madsen, of Den- 
mark, at 46 percent; Parsons, of England, at 48 percent; 
Smith, of the Philadelphia General Hospital, 41 percent; Mc- 
Clure, of Manchester, England, (M 203) 53 percent; and 
Butt, of South Africa, 92.3 percent (13 cases). 

Intermediate figures appear more frequently: Bouman, of 
Holland, reports a mortality of 27.5 percent; Van Boeckel, 
Bessemans and Nelis, of Belgium, 31 percent; Boyd, of Can- 
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ada, 39 percent in the first Winnipeg epidemic, and 25 per- 
cent in the second; Chalmers, of Scotland, 20 percent; James, 
of England, 20 percent; Almasio, of Italy, 34 percent; 
d’Arbela and Montanari, of Italy, 27 percent; Gottstein, of 
Prussia 35.6 percent; Carriére, of Switzerland, 29.4 percent; 
Pappenheim, of Russia, from 14.3 to 25 percent; Dunn and 
Heagey, of the United States, 31 percent; Strauss and Wechs- 
ler, also of the United States, 20 percent; N. R. Smith, of 
Michigan, (S 246) percent; and Price, of Spokane, Washing- 
ton, 24 percent. Hall finds that ‘‘on the whole the average 
works out at about 27 percent.” 

Of 7,876 cases collected from the literature for this Survey, 
a fatal result was recorded in 3,980 instances (50.53 per- 
cent.) 

A considerable variation is also shown in official reports. 
The case fatality rate in Prussia as computed by Deicher for 


Table IVa 


CASE FATALITY IN EPIDEMIC ENCEPHALITIS 


seers England and Wales New York City 
Percentage Percentage 
TOTSE Hath Meaney oe 543 29 
TOLOBGE Hips de gee hoe 53-9 45 
LOT. cave soseet hike de "49.6 a7 
T9220 veict ais. Seen Mao. 74.6 33 
TODS Fete nu ead aaaivr. 51.8 38 
LS) We aca Rae cs ees 27.9 53 
TG2S sEERAV EA rhde.. we ke nen 52.1 57 
T9LGE RMN fae. cen 58.5 62 
TOUS Aah. ayes ee 71.6 69 
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the years 1919 to 1924 was 14.9 percent, but this figure is ex- 
ceptionally low. Even in the same country the mortality rate 
has fluctuated with the epidemics of different years. The fig- 
ures for England and Wales and those for New York City 
for the years 1919-27 are given below for comparison. 

A discussion of this subject is given in the League of Na- 
tions Monthly Epidemiological Report, R. E. 116, July 15, 
1928. Portions of this article are quoted here: 

“The case mortality rate of encephalitis lethargica is variable 
and, owing to inaccuracy in notification, difficult to determine. 
Based upon the 15,935 cases officially reported and the 7,632 
deaths registered in England and Wales from 1919 to 1927, 
it was 47.8 per cent. This figure, however, is undoubtedly too 
high, as proved by special investigation; in a series of 3,558 
traced and investigated cases, the rate worked out at 33.5 per 
cent, and has varied considerably from year to year. During 
the extensive epidemic of 1924, it was 27.9 per cent, while 
during the other years it has averaged 57.1 per cent. These 
figures do not differ greatly from those reported in other 
countries, where the notification may be assumed to be fairly 
good. In Switzerland, during the epidemic of 1920, the case 
mortality rate was 29.5 per cent; during the years 1921 to 
1925 it was 64.2 per cent. In Sweden the case mortality rate 
was 27.0 per cent during the years 1920 and 1921, when the 
disease was epidemic; it was 37.0 per cent during the years 
1922 to 1924 and 57.5 per cent in 1925-26. 

“Thus, the case mortality rate was about the same during 
the large epidemics in Switzerland in 1920, in Sweden in 
1920-21, and in England in 1924. The case mortality rate aver- 
aged, during the years 1921-26, 54.4 per cent in Denmark; 
during the years 1921-27, 59.5 per cent in the Netherlands, 
and, during the years 1921-27, 33.8 per cent in New Zealand, 
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in none of which countries have there been extensive epi- 
demics.”’ 

The question of mortality as affected by age and sex may 
be considered here. The recently published report of the Brit- 
ish Ministry of Health (P 46) is in agreement with Parsons’ 
earlier figures, and shows that the case mortality rate is high- 
est ‘among those patients who are attacked at the two ex- 
tremes of life, and that it tends to rise progressively after the 
age of about twenty-five.” 

An analysis of the ages at death of 4,419 patients (Table 
VII), whose deaths were reported during the years 1921-25, 
showed that ‘‘the highest number of deaths appear in the age 
group 1 to 5 and more deaths fall within the periods 1 to 5 
and 6 to 10 than within any other two periods; a compara- 
tively large number of deaths fall also within the age period 
36° tom? 


From certain groups of cases it would appear that the rela- 
tive susceptibility of the sexes has a definite relationship to 
the age group. Professor Wynne analysed the forty-five deaths 
in the Sheffield epidemic (Table 8, England and Wales) and 
found that while ‘‘the case mortality generally is slightly higher 
among females than males there were, nevertheless, ten deaths 
among males between the ages of fifteen and thirty against 
only one among the females at those ages, a fact that may have 
some significance. If confirmed by larger statistics it suggests 
a greater susceptibility to infection in the central nervous sys- 
tem of the male as compared with the female during the pe- 
riod when sexual maturity is achieved and most active.” 

Other groups do not bear out the statement that ‘‘case mor- 
tality generally is slightly higher among females than males.” 
Charts XIV and XV show morbidity and mortality by age 
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CHART XIV 
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and sex for 200 Belgian cases (Table 2, Belgium), and for 
984 cases in Switzerland (Tables 2 and 3, Switzerland). 

Pearl (P 62) has analysed by age and sex the New York 
City report of encephalitis cases and deaths, 1920. (Table 10, 
United States.) Portions of his conclusion are quoted here: 

“Influence of sex .... it appears that there is a significantly 
larger proportion of males among those attacked by epidemic 
encephalitis than there is among the general population. . . . 
the proportion of males dying from epidemic encephalitis in . 
New York in 1920 was not significantly different from that 
found in the general population. .... 

“It thus appears that more males were attacked but no more 
died from encephalitis than would have happened if sex had 
no differential effect whatever relative to this disease. This 
result can only mean that the case fatality rate is different in 
the two sexes. 

“Influence of age. ... it can be asserted, on the basis of the 
experience of New York City in 1920 with epidemic en- 
cephalitis, that in males the disease is probably not significantly 
more likely to attack one age than another, but instead falls 
upon males in about the proportion that they are normally 
present in the general population. It is furthermore not more 
fatal among the attacked at one age than another until after 
age 35 is passed. From that point on there are more fatal cases 
than would be expected if the toll of death were taken purely 
at random in respect of age..... 

“Tt is quite certain that, so far as the experience of New 
York City in 1920 may be taken as typical, epidemic en- 
cephalitis ‘occurs arnong females without definite age pref- 
erence, striking the different ages in due proportion as they 
are represented in the general population. Females of any pat- 
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ticular age are not more likely to contract the disease than 
females of any other age. 

“The age distribution of deaths among females presents a 
different case. . . .the death distribution as a whole is signifi- 
cantly divergent from what would happen if the disease was 
as likely to be fatal at any given age as at any other..... The 
deaths in the former [age group 5-9} were fewer than ex- 
pected and more than expected in the latter [age group 35- 
44}. The numbers are small, however, and it will probably 
be found, when more data are available, that the facts as to 
age distribution of deaths are the same in females as in males, 
namely that there is a definite tendency towards greater fatality 
in the higher age groups.” 

From the “Study of Encephalitis Lethargica’” in the above- 
mentioned League of Nations Monthly Epidemiological Re- 
port, Tables V to VIII and Charts XVI to XXI have been 
taken, showing mortality by age and sex for a period of years 
in the countries indicated. The following comment is quoted 
from this text: 

“There has been little difference in the death-rate between 
the sexes in England and Wales and in the United States; 
only during the epidemic of 1924 was the death-rate slightly 
higher for males than for females. During the severe epidemic 
in Switzerland and in Sweden in 1920-21, however, there was 
a marked excess of male deaths; in Switzerland, in 1920-21, 
there were 200 male deaths and 169 female deaths, while dur- 
ing the years 1922 to 1925 there were 134 male and 159 
female deaths. In Sweden in 1920-21, there were 283 deaths 
among males and 221 among females. In the following years, 
1922 to 1924, this difference disappeared and there were 193 


deaths among males and 186 among females attributed to en- 
cephalitis lethargica.” 
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“The mortality rate of encephalitis lethargica is usually 
highest at the ages between 50 and 60 years. It is also fre- 
quently high during the first years of life, but usually decreases 
very soon. It falls rapidly after 60 years of age. In England 
and Wales there is little difference in the mortality of the 
two sexes under 45 years of age. After that time the male 
mortality is considerably in excess. At the ages between 20 and 
24 the female is higher than the male mortality. 

“Statistics for Sweden and Switzerland also show that the 
mortality among males is much in excess after the age of 40 or 
50, while before those ages the difference between the two 
sexes is inconsiderable. In the United States the difference in 
mortality between the two sexes is inconsiderable throughout 
life. The incidence of mortality is higher among the white than 
the coloured population.” 


COMMUNICABILITY 


“The rarity of any evidence of contagion has been noted in 
every country in which the disease has occurred,” (Hall.) In 
spite of the mass of material (1,156 cases) studied at the 
Neurological Clinic in Vienna, Hoff (H 189) states that no 
case of definite contact infection could be established. Not one 
case of transmission could be traced in the 520 cases reported 
by Fassbender (F 14), from Germany. Among 11,330 cases in 
Prussia from 1919 to 1924, Deicher (D 63) found only eight 
instances of possible contact infection, these involving twenty- 
seven people. In Japan, Iimura reported 671 cases in 671 fami- 
lies. In Holland, no case of contagion was reported in re- 
sponse to Bouman’s questionnaire. 

Some writers find convincing evidence of communicability, 
although the number of cases involved is small. Pecori (P 65) 


Table V 


MorRTALITY FROM ENCEPHALITIS LETHARGICA BY SEX AND 
AGE IN SWEDEN, [1920-24], AND IN SWITZERLAND [1920-25] 
atelier teint eee ee Le ee eee eee 


Sweden 
Male Female 
Age Rate per Rate per 
Deaths Si serevaias Deaths sUSSS 
On4 peptatin ere 31 Op 35 285 
nls Jo noo anne an 62 Des 57 2.0 
TKN \ele bh oan ante Be 56 3-9 51 Boy 
MFA) bia cou hoe see 61 2.5 66 5 225) 
BISA C g arth colenaikieeenh 63 303 55 2.7 
AO=MO ME nun es eae 76 4.8 51 352 
FSOrSQiapsar. stent 65 sick 51 3.7 
GosGOseieine Set. oe: 48 5-1 31 2.8 
GACE Patt ope Hite eye 14 2.0 B fe) 1.1 
iO al eens feces 476 3.24 407 2.67 
Switzerland 
Male Female 
Age 
Rate per | Rate per 
Deaths 100,000 Deaths 100,000 
Logit ta evaarnrcanarde siaic 18 1.8 17 1.7 
SLA oahae tater 32 1.4 33 T.5 
LST ON Per. teas ae 29 aes 31 2.6 
DOD eal doh soe 50 7) 59 2.8 
stores aee Secu ee 40 256 40 2: 23, 
40-49... .- eee 55 3.8 60 3.9 
CNY Hone mace 60 5.8 41 3-5 
(Sos. & Letlowlo ales « 35 5.6 34 4.5 
FOr fe hse eee ep 15 4.6 13 2.8 
Ota lines eee 334 2.96 328 2.70 
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Table VI 


MorRTALITY FROM ENCEPHALITIS LETHARGICA BY SEX AND 
AGE FOR THE WHITE RACE IN THE REGISTRATION AREA 
OF THE UNITED STATES [1921-25] 


Male Female 
Age 
Deaths Rate pes Deaths Bate Pes 
100,000 100,000 

OPA Ra sc ahi ees 487 2.0 495 AE it 
SO mata sie eres aes 226 1.0 226 Tc 
1 Ke pains ra a 156 0.7 183 0.9 
TES EE Ofer chia’ Actags or 226 12. 246 Lie 
BORAT ercukiin dais evens 227 12: 243 1.3 
ES DOV sca: wy ar ove ds 249 Tas 230 1.2 
POPs AMM sts test os = 274 1.6 243 1.5 
Phen? 1S) atl ee een 301 1.8 240 1.6 
AQ eA AW die cassie so. 267 1.9 254 2.0 
LS iec Oem sterner tecxes 0% 288 2.3 265 2.4 
Kory lel ont oan eee 293 2.8 262 2.8 
Sale oh oer ced 240 3.0 190 2.6 
BORGA need ayer 168 2.5 165 2.8 
GS=65) snag doce oc 110 2.4 97 ang 
iO ea ead eB Cee 108 1.8 134 71,3) 
A oy calls eel eee 3,620 1.6 3,473 1.6 
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Table VII 


MorTALITY FROM ENCEPHALITIS LETHARGICA BY SEX AND 
AGE FOR THE COLOURED RACE IN THE REGISTRATION 
AREA OF THE UNITED STATES, [1921-25] 


Male Female 
Age 
i Deaths are Deaths AS 
100,000 100,000 

CRA gare ere ace 29 7.3 37 1.5 
eels ara ere creserairs 13 0.5 7 0.3 
ASAP pictoreeectels. ae 13 0.5 11 0.4 
DSM G iaereocesay ea ay) Te 18 0.8 
ROSEN ax ewes Saag as 15 0.8 28 1.2. 
DS) annie hana: 22 1.3 20 1.0 
JOH FA lan lens ones 19 1.4 15 1.0 
biota 8 ae ae re 24 1.6 13 0.8 
AGA tia rere aie re ie 24 2.0 21 1.8 
AS=A0 mene walters II 0.8 IO i.1 
S OHS diersus da teens 17 1.9 9 Tie3 
S55 Oi aster tesehrcae Gi Te 7 1.8 
GO=G4i toes noni on 3 0.7 a 0.6 
65 = 69 nena sects 3 1.0 fo) oO 
7iovigts VO ee te ae Oe 2 0.5 z 0.5 
lO tale as etre 229 vet 2.00 0.9 
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Table VIII 


DEATHS FROM ENCEPHALITIS LETHARGICA IN ENGLAND AND 
WALES, BY AGE AND SEX, DURING THE YEARS 1921 
TO 1925 INCLUSIVE 


Males Females 

eases Deaths ee Deaths aor 

100,000 100,000 
0-4 Sa ees 316 3.6 290 3.4 
ech & Lice a eae 128 1.6 143 1.8 
LORAIN es Lae 190 2 155 1.7 
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VSD Apes sy edstg oat er’ 104 7.3 170 2.0 
Dm 2 Ofer der oils sess 99 Day 126 Tay 
Vex, Shanes 100 1.5 114 75 
Ce leas ceuereero eere 140 DD 166 2G) 
AG AA MON stealer esc s << 148 2.4 165 2.3 
ERSVASE OE ia 0.06 oc 191 3.3 178 2.8 
SOH5 A heres ones 181 BES 169 Bo 
GieClb a oo a aeniG 167 4.1 126 2.8 
60-64-74. «epee 121 3.8 102 2.8 
CS SCOn erm 66 2.9 7O 2.5 
JOuR ode bb a Meee 35 Tez 41 1.Q 
DKOT EU, set Se 2,210 2.4 2,209 Fh 
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gives eight instances of possible contagion out of 338 cases in 
Rome in 1919-20, and sets the incubation period from four 
to fifteen days. Carriére (C 48) gives no specific instances 
among the 984 notifications in Switzerland in 1920, but says 
“some familial or house epidemics were observed which leave 
no doubt of the contagious nature of the disease.” Netter (N 
55, N 56) determined, he believed, eight clear cases of conta- 
gion out of 174 cases studied (4.6 percent). In the Sheffield 
epidemic Professor Wynne (W 151) also found ‘‘evidence of 
contact, more or less intimate, in six instances involving 13 
patients, or just over 4 per cent. of the total number of cases 
ascertained.” 

Stiefler (S 357) has described in detail eight instances of 
probable transmission of encephalitis lethargica from man to 
man; four of these gave evidence of direct transmission, an- 
other was of two abortive cases, in the same building; and 
three instances were of indirect contact through a supposedly 
healthy carrier. From a study of these cases, the incubation pe- 
riod was set at from eight to twelve days. 

In Liverpool, Stallybrass (S 303) found that direct contact 
could be ascertained in seventeen out of 106 cases as follows: 
in the same family twice, involving four persons; contacts 
with one of these families, two persons; next-door neighbors, 
three times, seven persons; cousins, once, two persons; and 
in the same class at school, and neighbors, two persons. Thus 
the probable source of infection was determined, according to 
this author, in 9 percent of the cases. 

Guillain and Lechelle (G 190) have described the case of a 
young doctor and his father, which suggests the possibility of 
transmission through clothing. The father died of epidemic 
encephalitis in February, 1920. The son journeyed from Paris 
to the village where his father had lived, occupied his father’s 
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room, sorted his clothing and used some of his accessories, 
such as handkerchiefs. This was during the latter part of Au- 
gust. In September the son developed epidemic encephalitis. 

The evidence in favor of communicability may be con- 
sidered under the following headings: 

Familial or household: infections—Among the more con- 
spicuous instances of this type of infection may be mentioned 
Kling and Liljenquist’s (K 81) study of the epidemic in 
Lappland in 1921. In this isolated community, all the in- 
habitants in four small towns were examined. There were 
many light cases, some atypical, or formes frustes. In some 
families, several members contracted the disease simultane- 
ously; in two households, almost all the members were 
affected. From their data, the authors estimated an incubation 
period of ten days. 

Van Boeckel, Bessemans and Nelis (V 19) record observa- 
tions on ten families, forty of fifty-three members affected; 
four of these families at Ruddervoorde were closely associated 
and comprised twenty-six persons, seventeen of whom were 
taken sick; in addition, there were five households with a per- 
sonnel of thirty-three individuals, eleven of whom developed 
encephalitis. 

Stallybrass (S 304) has also reported multiple abortive 
cases (twelve) occurring in four household groups. 

Parsons (P 47a) found only sixteen instances of multiple 
infection in families among the 1,293 cases considered in his 
report on England and Wales. Among Strauss and Wechsler’s 
(S 384) 864 collected cases there were only five instances in 
which the condition was observed in two members of one 
family. 

Instances in which the disease has been noted in more than 
one member of a family have been described by many writers 
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in each country from which literature reports have been ob- 
tained. In some instances, as in the case in Mansfield, Eng- 
land, described by MacNalty (M° 23), there was a close 
sequence between the cases; here the first, a child of twenty- 
one months, was taken sick April 19, 1918; her brother, nine 
years of age, on May 4; and another brother, seven years of 
age, on May 8. In other reports an interval of months elapsed 
between the development of the cases, as in two of the in- 
stances described by Netter (N 56) ; in one family three chil- 
dren were taken sick in January, May and June, respectively; 
in another family the first case occurred in January, 1919, and 
the second in June, 1920. 

Outbreaks in schools, asylums, or other groups.—The best- 
known instance of multiple infection in an institution is the 
explosive outbreak in a girls’ home in Derby, England. Dur- 
ing August, 1919, twelve cases, with five deaths, developed 
among the inmates in less than two weeks. A detailed 
account of this series of cases has been given by MacNalty 
(M 16). “The source of the outbreak could not be ascer- 
tained. The dates of onset appear to indicate that the first 
two cases derived their infection from a common source... . 
It seems to be uncertain whether personal infection was re- 
sponsible for the subsequent cases (in which event the incuba- 
tion period would be of short duration) or whether these cases 
have derived their infection from the same common source as 
the first class.” 

A strikingly similar outbreak occurred in an asylum for 
young women in Miilheim on the lower Rhine in the sum- 
mer of 1922. Twenty-eight cases with thirteen deaths occurred 
in twenty days. This epidemic outburst has been reported, in- 
dependently, it seems, by John and Stockebrand (J 48a) and 
Krause (K 127a). Dysphagia, diplopia, and accommodation 
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paralysis were frequent symptoms. Food-poisoning was at first 
suspected. The authors evidently remained somewhat in doubt 
concerning the diagnosis, but Hall and MacNalty report the 
occurrence together with other outbreaks of epidemic enceph- 
alitis. 

Fyfe (F 170) saw four cases among the pupils of the same 
class room in a school in the village of Radway, England. The 
first case developed on September 15, 1922, the others on Oc- 
tober 9, 11 and 13 respectively. All were of the mild ambula- 
tory type. 

Epidemics in armies have been rare, but Kristensen (K 146) 
describes a series of twenty-three cases in the same garrison of 
the Royal Upland Infantry (Sweden). The first case occurred 
November 27, 1920, and the last March 7, 1921. The author 
believes that the infection was spread from man to man di- 
rectly and estimates the incubation period at from eight to 
eighteen days. 

Cases occurring in hospitals or among doctors and nurses.— 
Although few in number, several well defined instances of 
probable contact infection in hospitals wards have been re- 
ported. Claude and de Laulerie (C 146) describe one such 
case. The patient (Case 1) had been in the hospital for Pott’s 
disease since August, 1920. Five cases of encephalitis had 
been on this service. By September 16, four had been dis- 
charged. The remaining patient was suffering from a post- 
encephalitic syndrome, but was ambulatory and visited among 
the other patients in the ward. Case 1 developed epidemic 
encephalitis in December. The day preceding the onset of his 
illness, a new case of encephalitis had been admitted to the 
ward. 

Guillain, Alajouanine and Celice (G 178) described a simi- 
lar instance in a patient under treatment for a contracture fol- 
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lowing poliomyelitis. He had been in the hospital for several 
years and occupied a bed between two cases of post-enceph- 
alitic Parkinsonism. There were no cases of acute encephalitis 
on the ward at the time. The patient mentioned developed a 
condition of acute lethargic encephalitis in March, 1924. 

The only report of a ward epidemic found is that given by 
Duzar and Balé6 (D 211.) These authors describe a rapidly 
spreading infection which occurred on an infant's ward in 
Budapest in the fall of 1921. Of seventeen infants, eleven 
were affected. The incubation period appeared to be from four 
to six days. Section was obtained on seven cases. The diagnosis 
of epidemic encephalitis was made on the histological examina- 
tion of the first case (of fourteen days duration). The other 
six autopsied cases showed a marked hemorrhagic condition, 
but not the typical perivascular infiltration; this was attributed 
by the authors to the fact that in these cases the illness was 
of briefer duration (two to twelve days.) 

Concerning cases developing in hospitals where there are 
patients with encephalitis, Hall makes the following com- 
ment: “... . considering the large number of cases of en- 
cephalitis lethargica admitted to hospitals in all parts of the 
world, the fact that such instances are thought worthy of rec- 
ord is the strongest testimony to their infrequency.”’ 

More numerous are the reports of instances in which a 
nurse caring for a patient with epidemic encephalitis has her- 
self contracted the disease. Reece (R 43) has described such 
an occurrence among the early cases in England, and Lortat- 
Jacob (L 234) observed a similar case in France in 1920. 
Among Stieflet’s instances (S 366) of possible transmission 
from person to person, was one where the nurse in a room 
with six cases of encehalitis also developed a typical case of 
encephalitis lethargica. Schénfeld (S 111) describes cases of 
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possible transmission in an insane asylum; a nurse who was 
cating for a patient with encephalitis lethargica took sick four- 
teen days later; a patient in the same compartment with a fatal 
case of encephalitis was taken sick six days later. 

Godfrey and Gwyn (G 85) estimate the incubation period 
at five days, as a result of their observation that a nurse con- 
tracted the disease after she had been nursing a patient with 
encephalitis lethargica for that length of time. Doyle (D 162) 
also saw a case of epidemic encephalitis in a nurse who had 
cared for a patient with the same disease, but the time interval 
is not given. 

There were two possible opportunities for infection in the 
circumstances described by Dewes (D 115.) On January 21, 
1920, a physician was present at an autopsy on a case of en- 
cephalitis, and while there was stung on the neck by an insect 
like a fly. Six days later he examined a patient with enceph- 
alitis and performed a lumbar puncture. Some of the fluid 
dropped on his finger. On February 13, he developed enceph- 
alitis. 

The relatively few recorded instances of infection among 
doctors and nurses serves to emphasize Parsons’ statement 
“that those in professional attendance upon patients suffering 
from encephalitis lethargica ‘have very rarely been attacked.” 

Contact with chronic cases——Lemietre (L 123) gives the 
history of a case where the daughter suffered from the after- 
effects of an acute attack of encephalitis contracted in Febru- 
aty, 1918. The father developed the disease in December, 
1920, shortly after the daughter had shown a definite reap- 
pearance of some of the encephalitic symptoms. 

A similar instance was observed by Hall (H 29a.) The pos- 
sibility of infection during the recurrence of acute symptoms 
is also suggested by Souques’ (S 266) case of conjugal paraly- 
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sis agitans and Netter’s (N 61) case of a child apparently in- 
fected by a playmate. 

Two instances of possible transmission during an acute 
relapse of chronic cases are also described by Stiefler (S 357) ; 
in these cases there was indirect contact by means of a third 
person, a clinically healthy carrier. 

Claude (C 146) and Guillain (G 178) have both reported 
possible infection by contact with chronic cases as described 
above under the heading: “Cases occurring in hospitals or 
among doctors and nurses.” 

Infection in the newborn.—Transmission of epidemic en- 
cephalitis from mothers to newborn babies has been described 
by Hall. The following is quoted from his book (H 29a): 

“In the majority of cases in this country, and probably else- 
where, in which a pregnant woman suffering from encepha- 
litis comes to full term, the child is healthy when born and 
remains so. On the other hand, a certain number of cases are 
on record in which the child born of an infected mother has 
itself suffered from the disease. Such infection may occur in 
utero, or after birth. There is also some evidence which sug- 
gests that infection may be conveyed by the mother’s milk. 

“As regards infection in utero, or ‘placental transmission,’ 
Levaditi, Harvier, and Nicolau [L 197} have shown that the 
virus obtained from fatal cases of encephalitis lethargica in 
man can, in rabbits, be transmitted through the placenta to the 
foetus in utero and localize itself in the foetal nervous system. 
Kononowa, in Moscow [quoted by Pappenheim (P 28) }, 
found typical lesions of encephalitis lethargica chiefly about 
the third and fourth ventricles and around the aqueduct in the 
four-month foetus of a human case fatal during pregnancy. 
Novaes and Sousa [quoted by Jorge (J 60, J 61) } saw a case 
in which the baby of an infected mother had definite 
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myoclonus during delivery. In each of the above cases there 
must have been ‘placental transmission.’ 

‘In one of the earliest cases recorded in the United King- 
dom, the patient was delivered of a full-term child, which was 
itself affected shortly after birth [Harris (H 74) }. In Mercier, 
Andrieux and Bonnaud’s [M 263} case the mother was at- 
tacked twenty-two days before confinement; the child devel- 
oped a mild attack in the second week. Santi [S 55} described 
a similar case in Italy, and Parsons [P 47a} refers to three fur- 
ther cases in this country. In such cases it is possible that the 
infection has not been by ‘placental transmission,’ but by di- 
rect contagion at or after birth. That such later infection may 
occur is shown by a case recorded by Hallé [H 40.} In his case 
the mother had become affected whilst suckling a four-month- 
old baby. In spite of her severe attack, she declined to allow 
the baby, then in excellent condition, to be weaned. Nine days 
after the onset of the mother’s illness the child became af- 
fected, and died on the fifth day; the mother recovered. 
In this case there is the possibility that infection was conveyed 
by the mother’s milk. This view has also been put forward 
by Klippel and Baruk, [K 82] on the following grounds: A 
pregnant woman began with epidemic encephalitis’ two weeks 
before term. She was delivered of a healthy full-term child 
which weighed 814 pounds at birth and was lively and active. 
After being put to the breast, it gradually changed, becoming 
weaker, and eventually developed torpor and somnolence ex- 
actly like its mother’s condition. After eight days it was 
weaned, and almost at once its vigour and activity returned. 
Since then its health has been excellent. The authors think that 
in this case the milk may have contained some attenuated poi- 
son which was the sole cause of the child’s symptoms. Sterling 
[S 319} reports a case in Warsaw, in March, 1924, in which 
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there was evidence of direct contagion between the mother, 


the suckling, and the servant.” 


Bompiani (B 277) describes a case in Italy, and Shuman 
(S 173) one in Syria, in which infants were born of mothers 
suffering from epidemic encephalitis. Both of these babies died, 
one three days and the other thirty-six hours after birth, with 
symptoms suggestive of the same disease. 

Addtional references to cases showing possible transmission 
of epidemic encephalitis from man to man, either directly or 


indirectly, are given below: 


Alessandri (A 79) 

Bériel, L. and Morenas (B 
159) 

Buss and Peltzer (B 446) 

Buzzard, E. F. (B 454) 

Buzzard and Greenfield (B 
459 

d’Arbela, F. and A. Mon- 
tanari (D 31a) 

Dopter, C. (D 155) 

Draper,* Gy (D"165) 

Ebaugh, F. G. (E 4) 

Fernandez-Sanz, E. (F 28a) 

Froment and Comte (F 143) 

Kaneko and Aoki (K 14a) 

Ladroitte, P. (L 14) 

de Laroche (L 66) 

Laubie (L 76) 

Lépine (L 140) 

Léri and Gay (L 154) 

Lévy, P. (L 236) 


Miakela, V. (M 29) 

Manicatide (M 56) 

Menninger, K. (M 260) 

Mercio Xavier, A. (M 264) 

Netter, A. (N 68) 

Nexon Gree. sand «l.  H: 
Sweetser (N 114) 

Pecort, Gs" (P*65 ) 

Péju, G. and E. Abel (P 72) 

Pfister, M. (P 130) 

Pic AM (P 156) 

PiceeAw es ale (Pe k40) 

Reich, H. (R 49) 

Roger, H. and A. Blanchard 
(R 211) 

Romer, GC. (R179) 

Ronchetti, V. (R 230) 

Salvetti, I. (S 39) 

Sterling, W. (S 318) 
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ENGLAND AND WALES 


“The earliest characteristic case of lethargic encephalitis of 
which we have record (during the present epidemic) is stated 
to have had its onset in Bermondsey on February 11, 1918.” 
Chez5:) 

This statement was made by James in the Local Govern- 
ment Board Reports. However, thirteen cases, reported by Mel- 
land (M 253) as “epidemic polioencephalitis or so-called epi- 
demic botulism,” were probably lethargic encephalitis, al- 
though their true nature was not then understood. The onset 
of the first of this group was in November, 1917; two oc- 
curred in December; one in January, 1918; one in February, 
and the rest in March and April. 

It has been suggested that the disease may have been intro- 
duced into England through cases which occurred on the Brit- 
ish front in 1916, although they were not recognized as en- 
cephalitis at the time. Hall (H 29a) quotes the following rec- 
ord (Epidemic Encephalitis, 1924, p. 7.) “In June of 1916 a 
soldier was invalided home and came under my care at the 
Third Northern General Hospital, Sheffield, suffering from 
what was then put down as an ‘atypical paralysis agitans.’ He 
was only 38: the characteristic expression and posture, though 
slight in degree, were unmistakable.” This case was followed 
up seven years afterward and it was:concluded that the devel- 
opment was not typical of presenile paralysis agitans and that 
“the residua obviously resemble those of encephalitic origin.” 

However, the possibility of an independent focus in Eng- 
land must also be considered. James (J 25) says: ‘Dr. Gard- 
ner of Shrewsbury has stated his belief that in May, 1916, he 


attended a patient whose illness, in all possibility, was of the 
same nature.” 
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1918.—Although this disease was not made reportable in 
England until January 1, 1919, we find in the Local Govern- 
ment Board Report n. s. 121, 1918, a complete ‘Report of an 
Inquiry into an Obscure Disease, Encephalitis Lethargica.” Of 
338 cases of illness examined, 126 were considered typical and 
were selected for study. They were distributed by months as 
follows: 


Feb. Mar. Apr. May June Total Deaths 


1 35 56 28 6 126 25 
Table 1 
INCIDENCE AND MORTALITY By AGE 
Percentage Percentage Of 
Age group of cases deaths 
Widerironyeatsie.s . =: 20.6 8 
BOSTON. Abe ob e0h= she o.2ias =| 19.0 8 
Ono Uh ed wee wearer AG eee 15.8 16 
RESO Mates eee eek oe 16.5 32 
HORA SN de es ee aie + bes 13.4 20 
SoS Cic CORO a eae ee 10.0 16 
Sor (alah ce cocline ce Roe 4.7 fe) 
ORADOLOVEtI demon a4 fo) ? 
100.0 


From James: Local Government Board Reports. 


Sex.—'There were more male patients than female pa- 
tients, the respective numbers for the 126 cases . . . being 68 
and 58.” 

Occupation and Soctal Status. —Among the adult patients 
there were nearly as many occupations represented as there 
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were cases of illness. There were two doctors, two nurses, 

and one undertaker. Social status covered a wide range. 
1919 and 1920.—A portion of Table 1, page 260-A of the 

Great Britain Ministry of Health, Annual Report of Chief 


Table 2 


INCIDENCE AND MorTALiTy BY AGE AND SEX [524 CAasEs} 


Under 1 year I 
Male Female Male Female 
é 
8 G) \a Oe a eS 
2g a Fe Nf Ps i a et ae 
> fal liecis) 28) ° 3 8 ‘s 3 3S a 3 
rs 6 Q & S & S By g & FS) 
PE AL Feo asics ed CAPA el eedlnss UGCA Ulta ieee 2) = 
g 17) o oO oO u Vv .2) ou 
STEN SMe atc eh ol alent Sian | cle eared ate 
Hee eesti es We TSiheey i as | Ee eh aS iii] 2 |i ie fe Pectates 
oO 3 a 
Bele 15 [Piaf] S [2 Ale] Se] a lelsle lale 
524128615 4.6] 4 |o.8! 4 |r.4] 4 Jo.8] 2 Jo.7| xz |2.1] 7 [2.4] 20] 3.8]16 15.6 
5 10 
21 |4.0]10 bs 19 3-6 nd lips} cy) 6s 13 ks AC deed 
15 20 
33 les 16 5.6 40 |7.6|20 |7.0] 34 Js 15 5.2| 42 |8.0]24 s-4 
30 and over All ages 
113/21.6|68|23.8|127|24.2173|25.5|250147.7 133{46.5 274152.3153153-5 


Onan Great Britain Ministry of Health, Annual Report of Chief Medical 
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Medical Officer, 1919-20, has been copied below in Table 2. 
This table shows ‘“‘the total number of cases and deaths 
{in 1919}, the fatality per 100 cases, together with the age 
and sex distribution at certain age periods and the number 
of deaths in each group.” This analysis was based on a 
total number of 524 known cases (corrected total 541). 

Parsons (P 47a) has given a careful analysis of 1,273 cases 
occurring in England and Wales in 1919 and 1920. The 
following is taken from his report. 

Sex.—tThere was no discrimination between the sexes. For 
this series, the figures showed 634 males and 639 females. 


Table 3 
SEX INCIDENCE OF ENCEPHALITIS LETHARGICA 


Sex 
Age group 
Male Female 

Om Dayan cum ae ein tene oct: 6 6 
ELE G photon cee Mckee aah 30 44 
ST Oeste Reeceitrsariesereieoe: 48 47 
TOedy Stews oo hei. 2 hs 82 69 
SEE LO Sco OIE Coo DEAR 89 87 
POR Olga oc. viatsoaedel ones es 83 108 
BO=A Olena em cets eek 91 102 
AOASO aan citevdets ee: <p 103 84 
FO OO isaaes srtiay ey veeBs Pe tet 65 56 
SC {Slra bios ap Oe 33 24 
OOO: Penta As6 ea/h topekous 4 2 
$51 Ge] eat joseweb ch Peeaen Se fe) I 
LOtalietieiercete cote # 634 639 


From Parsons (1,273 cases). 
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Table 4 
AGE INCIDENCE OF ENCEPHALITIS LETHARGICA 

Age group Cases 
Os LOn sranemincis factnreote ei 181 
LO-2O\a ete ae alg 
2ORFO a geharconks 1+ sone QI 
ZOFAOwa A taid . SEER RIE 193 
ADs 5 Ose « Pen etas Seed 187 
SOOO sis cee tals caisig ate ane 121 
6On7 Or eee a 57 
ORSON ais see alee 15 

80596. qf: aarra ee etna 
Ota Peers 1,273 


From Parsons (1,273 cases). 


Table 5 
QUINQUENNIAL PERIODS 1-20 YEARS 
o-r Year 1-5 Years 5-10 Years | 10-15 Years | 15-20 Years 
Bo Bo So Be So 
§ § § 8 8 
g a c a (=) 
pe) vu vu uo 
9 ¥ oO oO oO 
o o 5 3 o 
eyllceel ae ellieehe eel eet lier Shell eee Pacey ee 
i] iy vo vo vo vo 
Oe OO Ol 0. lO tOIvOn Oneimcmes eh esaare 
12] 9} 75-0} 74) 50] 67-51 95] 45] 47-3] 152] 50} 33-3] 176] 74] 42.0 
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DECENNIAL PERIODS 20-80 YEARS 


20-30 30-40 
vo , 8) 
i=To} oT 9) 
i] (J 
~ ~ 
q cq 
vu vu 
oO O 
ww = 
vu vu 
Ay a 

n n 
Palle |) cet AES eal eel es 
”n is] a a is] is 
oc uo uo rt vu . 5) 
Sa Aero ata 


191} 80/42.1/193] 93/47.8/187 


40-50 50-60 
oO oO 
1) 50 

i x 

~ ~ 

q = 

vu .3) 

12) 1S) 

w we 

.°) .5) 
Biers ers 
a x x a x oS 
CS Le) v a vu 5) 
VIAI!AsSO;A]A 
94]50.0}121] 72)59.5 


A) 
S | Cases 


60-70 70-80 
vo oO 
80 80 
at a 
~ » 
q q 
vu vu 
Oo 13) 
wy id 
.5) 5) 
a | & nl & 
del |i cel |) pall esl] os| 
~ ~ oO ~ ~ 
it is} an is} < 
vu v Cy oO vo 
AI}ASO/A;A 
36/63.3] 15} 12/80.0 


From Parsons: Report on encephalitis lethargica. 
Health, Reports on Pub. Health and M. Supj., No. 11, 1922. 


Table 6 


INCIDENCE BY OCCUPATION 


Great Britain Ministry of 


Occupations involving | Occupations involving 


a considerable time a considerable time Eade tcs tainate 
being spent indoors | being spent out-of-doors SrouR. 
I II III 
Household duties | 217 | Labourers....... 54 | Artisans and 
School children...} 199 | Farmers, mechanics.....| 96 
Factory hands....| 83 gardeners, etc..| 31 | Professional..... 62 
Shopkeepers...... 60 | Travellers, No occupation...} 23 
Glethes® ee eerie: 60 postmen, Ex-service men,.| 16 
Domestic servants | 37 messengers and Viatious.:2n ss 6 6 
ailorin gee ae. 23 Othets eae 24 
IMDS on aagaase 26), || SEMNSt es oovents II 
School teachers...} 21 | Police constables 5 
INMURIES 38 ood atidnae 9 | Medical men....] 4 
Publicanse amet 3 | Vagabonds...... 3 
Dairyinenee tee I 
Motals mace aay 734 133 203 


From Parsons (1,070 cases). 
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Age incidence.—These statistics show that the disease is 
found chiefly among those approaching adult life; 25 per- 
cent of the total series occurred among young people be- 
tween the ages of ten and twenty years. (Table 4) 

Mortality — ‘The case mortality works out at 48.3 per 
cent.” The figures for different age periods are given in 
Table 5 copied from Tables 48 and 49 of this report. 

Occupation —A classification by occupation was attempted 
in. the case of 1,070 patients for whom information was 
available (Table 6). 

The author concludes that the disease attacks chiefly those 
individuals who spend the greater part of the day indoors. 
Attention is also called to “the small number of medical 
men and nurses who have suffered from the disease, thus 
suggesting that contagion must play a very small aetiological 
part. The fact, too, that only one case was reported among 
dairy workers is not without significance when considering 
the question of possible avenues of infection.” 

During 1920, a small group of thirty-two cases was studied 
by McClure in Manchester. They were distributed through- 
out the year, although the greater number occurred in the 
winter months. They were widely spread. over the city, and 
no connection was traced between any two of the cases. The 
ages ranged from infants to an ‘adult of fifty-nine years. 
There was the same number of males and of females. Oc- 
cupation and class seemed to have no bearing upon the 
incidence. The mortality rate was 53 percent. 

1924.—The Sheffield Epidemic: The greatest incidence of 
encephalitis in England was in 1924. In Great Britain, the cit- 
ies with the highest rates were Glasgow and Sheffield. In 
Glasgow there were 398 confirmed cases and in Sheffield 301. 
An intensive study of the Sheffield outbreak was conducted 
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by the Medical Research Council. The figures given in the 
Epidemiological Report by F. E. Wynne are quoted here. 

This writer calls attention, as do many others, to the ele- 
ment of error in all figures dealing with encephalitis, as the 
“number of abortive and missed cases cannot be even approx- 
imately estimated.” 

Age and-sex.—Tables 7 and 8 give ‘“‘actual cases and rates 
of incidence in age periods for sex,” and “‘actual deaths in age 
periods in both sexes.” (Charts XXI and XXII.) 


: Table 7 
CASES AND RATES OF INCIDENCE IN AGE PERIODS FOR SEX 
Males Females Total 

Age periods, Attack Attack | Attack 

years Cases | rate per | Cases | rate per | Cases | rate per 
1,000 I,000 1,000 
Wnadens5 yeatss-o. . aaa. 3 0.116 II 0.436 14 0.275 
SONS ce cme ae Be.) 2:5 0.966 23 0.878 48 0.922 
TOSI 6 sigh aes ee # | 26) =|, 90.965 15 | 0.548}. 41 | -0:754 
LSI OR «MMM zee s Be aro eas 4 1-402, |, 23 0.890 | $7 1.138 
20-24) 5 depp + Ses... SDM ek) 0.922 15 0.630 34 0.765 
2DO-S4e. See. . Sees... Mee IMO: wile Ons 14 0.336 44 | 0.554 
3 SEA ae! seen OAS At slenr nem ore”, sia) 1401369 
ASG s « eet eames uel. 14 | 0.459 14 0.478 28 0.468 
5 5RO4 4. -eMeerhoee Soa Werte, 14 0.808 3 0.169 17 0.485 
65-74 soak 3 0.375 za 0.210 5 0.286 
Over 75-years..%.. Jeo I COP AST Sie Pope ole ei fal rare ie ie|| Gyre 
City Sige near 186 Czy 9) sey 0.488 | 317 0.603 


From Wynne: The Sheffield Outbreak o} Epidemic Encephalitis in 1924. 
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CHART XXI 
EPIDEMIC ENCEPHALITIS 


1924 


Z 


SHEFFIELD 
ATTACK RATE PER 1,000 OF POPULATION AT CERTAIN 


PERIODS IN EACH SEX 


AGE AND SEX 


20-25, BS-35, WS-€S. 4S-S5. $5-65. 65-75. 


pidemic Encephalitis in 1924," 


W 151. 


Reproduced from ‘'The Sheffield Outbreak of E 
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CHART XXII 


EPIDEMIC ENCEPHALITIS 
SHEFFIELD, 1924 
AGE AND SEX DISTRIBUTION OF CASES 
AGE AND SEX 


+ 20. 20-25. 25-35. 55-45. 45-SS. 55-65, 65-75. PS ene 


MR firurweururwrurwrwrares 
35 
ee 
30 30 
25 bg 
20 
15 


rz) 
SS... 


10 0 
9 9 
t) 8 
7 7 
6 y 4, 6 
$ YL, 8 
4 y 4 
3 Ys a 
2 GL. ys 

Z mm , 4Y, 
} Ye loa 3 Fic FIA ltd. tea, Wits Y, } 
4-5. 5-10. 10-15. 15-20. 20-25. 25-35 35-45. 45- 55. 33° 65, 65-75. 75 qwee 


MEMFMFMPFMPF ME MPF MEM OM 
Reproduced from ‘‘The Shefheld Outbreak of Epidemic Encephalitis in 1924,”’ 
WS Te 
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Table 8 


ACTUAL DEATHS IN AGE PERIODS IN BOTH SEXES 


Age Period Males Females 

Winders rari oe eatratork I I 

SHS geen nets cine etn 3 5 
LOGS ee eee 2 2 
ES aIOR eee aeeere 5 I 
DO? Sintec a ase I co) 
AS ae OE pyrene ccrresace ge 4 fr) 
ROSAS EET hasee cree I 2m 
$5 eA Onassis, sive ae fe) ° 
AO mA Sich s eid ote bie dee eee 2 3 
ASE SOB gy tare k hee ee I I 
SOnSS Eee oe aa I I 
55-60. Bis Grek Sete c cae ae 2 2 
(So=512) SaaS Oe ene: 3 I 


4 
le} 
ot 
pp 
— 
Pp 
Ov 


wy) 


From Wynne: The Sheffield Outbreak of Epidemic Encephalitis in 1924 


The author notes an increased susceptibility to infection in 
males, and an increased liability to death in females, and also 
an increased susceptibility to infection in males between the 
ages of fifteen and thirty years. 

Mode of Invasion—‘A study of the notifications received 
showed that from the commencement the outbreak was gen- 
eral throughout practically the whole city. Cases occurred 
sporadically in all parts sirnultaneously and there was no evi- 
dence of the march of any infection from district to dis- 


“The result of topographical study of this outbreak of en- 
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cephalitis, as of all others, are in fact negative, and everything 
points to a sudden and general lowering of resistance to a 
pre-existing and wide-spread virus.” 

Contagion.—In this outbreak, Professor Wynne was “‘able 
to find evidence of contact, more or less intimate, in six in- 
stances involving 13 patients, or just over 4 per cent. of the 
total number of cases.”’ The particulars of these cases are given 
in the report. 

A study of the occupations involved and of the social status 
of the patients led the writer to conclude that there was no 
relation between the disease and social conditions. The 
patients were classified by occupations as follows: 


Domesticseny ants ads MaLtled .wOMCiitecire eit nree at ve oriatrr er 40 
IMetaliwOLkeLs eaten aes oe eae eae ee eo ee > Ae Ee ia 37 
Miner se AAIE SUAN PEED... PERRIER ARERR AE MLD 15 
Wremployeds s.y wy seeps... wins 4; Amp l. che 2geroath sl 12 
HEA DOECE SCRE erie Semen ele alt, hear at aeons, x ete Ren eee 10 
(CEN 23 SaaS 9.8 che STO REECE RECITES ERE ae ee Ore CRO 9 
Wate nOUSeHnennAnceSLOLCKCeDelS orton ca immet eeince ni nae tee 8 
ESE EINICCES prc ee ease ee ee ane ASTON i, AN CLE 6 
MSY CLS M en yet ce bey e cays ahaha ws 2 snssoin oH Ay oheeaA Ren hcp oR: AU, IEMs RE: 3 
TOOT OSES Sa Se ee OED Oe ee Eee Ont Oe ee 1 6 tac eres Fe Pe Ie Pa 3 
Jeveaieta Taye Gotoe wee get tac A PME Aeron One npn ne errr SMe 3 
PEL CCLS REMUS NS A NLS eles cet sone tree a ne Searels Sede eam aie ost 2 
Gontectionersemeere rerio vara Ma ae oie ctaamio retains co boraraaen 2 
Windowacleanerse),,.4.txaAAe. 2ER AMER ES. EL fe, a) 

Pe 


Meadicalgpracticionerse seh... f-. saniMante. aie rtort -trygctl- -s69rF 


The rest of the cases included one each among a large 


number of occupations. 
The high incidence among metal workers and women en- 
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gaged in household duties was thought to be in due propor- 
tion to the adults so employed. 

1925 and 1926.—‘Since early in 1925, the number of 
cases [in England and Wales} has decreased slowly but 
steadily, apparently unaffected by seasonal influences.” “It is 
noteworthy that the incidence of this disease has fluctuated ex- 
tremely little in England in the course of 1926; the highest 
incidence was reported in February, when there were 212 
cases, and the lowest (135) during the four weeks ending 
September 11th.” 

“Both case and death returns from England show that the 
disease is more prevalent in urban (6.3 cases per 100,000 in 
1926) than in rural districts (4.8). Its incidence is highest 
in the north and decreases through the midlands to the south; 
it is lowest in Wales. This geographical distribution is the 
same for urban and rural districts.” (The above statements 
are taken from the League of Nations Monthly Epidemiolog- 
ical Reports.) 

The Registrar General's Statistical Review for 1926 gives 
an analysis of the deaths from epidemic encephalitis for that 
year by age and sex (Table 9). 

Tables 10a and 10b give age, sex and seasonal incidence 
as noted in 524 cases reported in the English literature for the 
years 1917-26. 

Compulsory notification was instituted by the Local Govy- 
ernment Board beginning January 1, 1919. The available 
figures by years and months (or by four-week periods) are 
given in Tables 11 and 12. 
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Table 9 
MorTALITY FROM EPIDEMIC ENCEPHALITIS BY AGE AND 
SEX [1926] 
Ages at death Male Female 
Or Lee ase se ae IO 8 
TeaS Weegee Shed. ots cease 73 49 
Ser AOlstd B ouRoder o a gihaaeh & 4 40 
HOSE Ss ee Soe ee 30 34 
ESR 2O seta cere o's bates tay 58 47 
BUSSE, sean tee SNe oS B 37 51 
TU. Olas Soak ae Sal ans 45 51 
BOSS Oe kee Aco: + oe 30 41 
Sipe (Oi bodes pees 46 36 
BOM AS shee adeihs oc a's caeeverot 41 56 
ASSOcipe tai weyers ote 43 56 
FOeS Scien ee wr emate 58 60 
SORGOES 6 moans Aecomees 64 48 
Corin Tdiowron Soeeer e 37 39 
G5 FO b oketciars. op sten syste sucne f 25 35 
seiines'e ttae 6 ook ee aL 6 19 
TS OOM NNTP asl ere as 5 2 
SOUP tata sp asicrewss ys 0s I 3 
NIM ERS, Shona dens Oe 650 675 


From the Registrar General's Statistical Review, 1926. 
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Table 10a 
SEX AND AGE INCIDENCE OF EPIDEMIC ENCEPHALITIS 
Sex Age group 
teat lor Mule Fe- NS Under] _|10-}20-}30-|40-50-/60-| 70.]ny g 
male) >’ | x yx. |!9} 29] 29] 39 | 49| 59] 69| + 

1917 4 i Dea | Sropesatel| sonra Ele. 3 
1918 | 174 Sy ey |) ve E24) 28] 2.5) 6) 15/251) SG eee 
Hep) | 7G] GY |) ZB) aco ccllsnaane I1| 27| 14] 6] 6 Dans 8 
1920 | 89 4 Aria AS ete eer] eat ON 4 23 rG OCG NS |eeese Ti ena 
1921 | 24 15 Die i-hadeiagal| Brqshaters Gl) 8G) FAN NaS aes eeelloene eh 
1922 8 2 (hil eso fockoeiale 2 I 
1923 7 4 Bes lh hromee tae eee Sat od eel ailiee wally gril Se I 
1924 | 43 ap |b ae Boil Savane al ade]p sez Gi ai gla 6 I 
1925 3 2) Fay lees ste, teas Fal ee? an aN ac Whit 
1926 4 B 2: plheetie etal: Buttars Pete exes}| Wa | Wea Ve I 
N.S. | 89 23a ea Sales 3 | eu sowl orl sad) yal yy weal 
Motall *52:4@s| 229) \lagn) | fox 6 | 75}108|107} 66] 53] 34] 15] 4] 56 


In 524 cases reported in the literature. 
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SEASONAL INCIDENCE OF EPIDEMIC ENCEPHALITIS 
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Year I II Ill IV N.S. 
ICT acy oases BE Bon Oh 07) ont ae co | ee 3 I 
TOE Strap eee - 55 78 2 18 21 
LOUO tee ere so 19 12 13 25 10 
TOU Ongar veesrey ss 15 33 15 18 8 
TSPRES hah obces 18 4 ° I I 
EQUI ea the Sate sf 2) MEE ba: I 5 
SISpIO\ sack 5 canara AO DIRE sana ise I 2 
TOLAPER Co ae. 18 15 3 I 6 
LOD Panter trays [eae iy cte (ER ba oe TRAP oe. Sia ohne 2 
TOUG mes Sheen. ZB TER ee Oe I 
INTE Sy, Sep cg Gan eel | Goria, Cae barca eR SP cece Al me 35 Sac en a 89 
Motalseeer can 133 143 35 73 140 

In 524 cases reported in the literature. 
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Table 11 


INCIDENCE AND MORTALITY OF EPIDEMIC ENCEPHALITIS BY 
YEARS {1918-27} 


Year Cases | ae ee ete 
M |~F | Total | P i: 
LOLS eevee dee 126 5 II 16 12.6 
LOTQ scrotal . 541 138 156 294 54:3 
EQZOn stetchepei ones 889 239 |) 24a 480 54.0 
TQZY. enc nets va 1,470 351 378 729 49.6 
LQ22 eyes ane 451 160 | 179 339 75-2 
192-3 aee 1,023 27.6) |S 531 51-9 
TOLA\ i aston et 5036 ees | rs 1,407 27k 
DOLSpatevcne.cPapaiae k 2,634 666 | 706 1,372 Saar 
TOLG eee hna sce 2,267 650 | 675 Le rls 58.4 
DOL 7 et se caer sce T6578. deus R| eco: 1,155 Filed 


From the League of Nations Monthly Epidemiological Reports and Registrar 
General's Statistical Review for 1926. 
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Table 12 


INCIDENCE OF EPIDEMIC ENCEPHALITIS BY YEAR AND 
MONTH [1918-28}* 


é ro ae >| o ra : a 
1918 
Cases Ty KW XS RI Glos 5 Me cc cilec ee 126 
1919 (= SS oT ——— 
Cases 286 7O 64 121 541 
1920 = \ maior =) (era 
Cases 264 224 161 241 890 
1921 
Cases | 454] 220] 278) 117/ 77| 50] 65] 42! 37] 39] 38] 57|1,470 
1922 
Gases) | as» |e des Al meOU|en SO]0m 32) eines] 36) 23\e Cer Aaineds 4 
1923} 
Cases | 66] 151| 184] 145 96} 73] 54] 29] 36] 52] 50] 53] 49]/1,038 
1924 
Cases | 56] 150] 397| 806] 1,066) 862] 477] 266) 236|/187|173|172|219|5 067 
1925 
Cases | 194] 231] 261] 206] 294] 257] 207] 173] 159|166/186|165|154|2,635 
1926 
Cases | 208} 212] 179] 201] 185] 176] 183] 159] 135|151]152|180]152|2,267 
1927 
Cases |. 138] 159} 157] 129] 194} 131] 117] 1X0] 100] 142] 106] 134]1,617 
1928 
@acesml ems eee | eres ecsreillebce, o ete ilies cllte megs be call ‘case onsanelf seebee 742 


From Local Gov. Bd. Ree N. S. 121 Sect. of Pub. H. Rep. 36; League of 
Nations Monthly Epidemiological Reports. 


* It has been thought best to give for the yearly totals the figures as they 
are most frequently reported, although it will be noted that these do not 
in every case correspond to the totals computed by adding together the 
figures given for the months. 

+ 1923-26 reported in four-week periods. 

} To June 30. 
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Wales —"'A. case was reported from Bangor early in 1918, 
but it ‘is in South Wales that the disease has chiefly declared 
itself, and particularly in the country of Glamorganshire. The 
incidence corresponds closely with the density of population 
and it may be added that a large proportion of the tlaihorgans 
shire mountainous regions of Wales have remained exempt.’ 
Notified cases, 1919, 25; 1920, 46. (Report on Public Health 
and Medical Subjects, No. 11, 1922). 


SCOTLAND 


The first recorded case of epidemic encephalitis in Scot- 
land: was observed by Findlay in Glasgow, in March, 1918 
(F 42). Picken (P 145) reported a case with onset in April, 
1918, Brownlie (B 408) described another in Glasgow in 
May, and Findlay saw two cases in June of the same year. 
Chalmets (C 83), Picken (P 145) and» McLean (M 230) 
mention eleven cases with five deaths occurring in and around 
Glasgow in the spring of 1918; “subsequent information 
added to the number.” 

Parsons (P 47a) commented that encephalitis lethargica 
was. notifiable in “Aberdeen Burgh only, and thus it was 
difficult to say to what extent it prevailed in Scotland. “From 
published reports and such other information: as is available, 
it seems as if the disease, as elsewhere in Britain, is chiefly 
reported from the larger centers of Bo pees and more espe- 
cially from Edinburgh and Glasgow.” 

Bramwell and Miller (B 366) studied fifty-seven cases, 
seventeen of which were in Edinburgh (Table 1). 
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Table 1 
INCIDENCE By MONTH OF 57 CASES 


1918 1919-20 

Mia ise Big er eee 5i0|| Malic apratron ies sae 10 
viN Oe NERS Surety oe ANI MBeb inp ontetens ood 5 
May. aac 2k aoe Hk IEE ee Ra cea Suse te 2 
i biel Saeenee Rois Sacer. BOM OCC sopra 0 ee I 
LANG gene mere eee MW eINOWie tee) s cists nass 9 a 
Otter nace see Pa DCC erate ec fs 5 
Nowe MAN Re BAM | AR AUR Rete PS 3 
DCC He ee ca aetna Sy IMEeD Aap atmeniene 3 

26 31 


From Bramwell and Miller. 


Sex: 29 males and 28 females. 

Ages: 17 to 75 years; deaths, 9; ages at death, 17, 18, 24, 
27, 32, 42, 45, 47 and 60. 

Findlay and Shiskin (F 43) reported 24 cases in children, 
November, 1919, to August, 1920: ages, 4 weeks to 15 years 
males, 19; females, 5; deaths, 3. 

Grace Anderson (A 104) describes forty cases of encepha- 
litis lethargica in children with seven deaths. 

Chalmers and Macgregor (C 86) note that encephalitis 
lethargica was made reportable in Glasgow in 1918; they 
give the admissions to two hospitals in Glasgow by quarters, 
1918-22 (Table 2). 

These authors reported 38 cases with 8 deaths: December, 
1922, 1 case; January, 1923, 5 cases; February, 1923, 32 cases. 

Ages 114 to 56 years. Twenty-two of the 38 cases were 
over 15 years. 
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Table 2 
ADMISSIONS TO Two HospiraLs, GLAscow [1918-22] 
ee 
Quarter 1918 1919 1920 1921 1922 
Lee Bh nah eabausterae tts 6 6 2 I 
LN bs arlene ace 4 227 5 4 
TL Sirgesetessye gees 3 I 3 I 
LV etree ccor ee Wie eset eee II 3 4 


From Chalmers (C 84). 


The epidemic as seen in Glasgow 1919-24 has been re- 


viewed by Chalmers 


(C 84). 


The recorded cases subsequent to 1918 (Glasgow) are 
given in Table 3. The mortality rate was 24 percent. 


‘Table.3 


RECORDED CASES OF ENCEPHALITIS IN GLASGOW [1919-24] 


Year Cases Deaths 

TOLG cc whee eee mae cian ieee kee ae 13 
T'QUOenconay ates ce ove 61 20 
EGP co Cannone ante o 28 II 
EQUI caer cestents Aero eee re areca 20 10 
TODS ol eae cinana ie ee 110 26 
LOLARF SS usher ve tine attr 398 46 

LO tal acest egies: Se 617 126 


From Chalmers (C 84). 


1923.—Of the reported cases, 73 were accepted as encepha- 
litis lethargica (Table 4). There were 16 deaths. Of a total 
of 75 cases (including 2 from November, 1922) there were 
39 males and 36 females. 
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Table 4 


INCIDENCE BY MONTHS 
OF 73 CASES IN 1923 


Cases 


w 


Hw PP PwWY BMY FS WO 


1) 


From Chalmers (C 84). 
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1924.—Of 530 notified cases, 398 were verified (Table 5). 


Table 5 


INCIDENCE AND MoRTALITY OF 398 CASES IN 1924 


Cases Deaths 
Quarter 
Male . Female Male Female 

DL tivo st Weasietsre wash I 3 Pee 
Dees acon 194 114 13 17 
TUS cvevelsreactersry <5 42 20 4 5 
EVie cl ooh ace ck 12 ar? 4 2 
Totalencmmeesic 249 149 22 24 


From Chalmers (C 84). 


Incidence by months: 


antaty =. eg cone 0 uly o.3MA CS cack 19 
Pebtuatyos eas il AU QUST Beg oan 9 
Marchese wees 3 September acnsess 6 
EAD ELL = ieee chee ae 54 Octobergi cc mate 3 
Mave cp te emer 204 November sa. an on 7 
NOLL re earn! 85 December=eer eaer = 


The age distribution of all notifications in Glasgow for 
1919-24 is given in Table 6. 
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Table 6 
AGE DISTRIBUTION, GLASGOW, ALL NOTIFICATIONS 
{1919-24} 
Cases Deaths — | Morbidity percentage 
Age 

Male | Female | Male | Female | Male | Female |Both sexes 

ho core 23 II 6 9 26 82 44 

SION. vn. 50 28 4 2 8 i 8 

SpA G FoR smeivo~$ 74 27 4 6 5 22 10 

oe Sys Coe 97 87 II II II 13 12 

=e ee ae 36 37 8 13 22 35 29 

= bie ae See 50 22 II 10 22 45 29 

mS Stet eioy td 27 21 12 9 45 43 44 

Shs Aer 15 7 4 4 27 57 36 

Thies zane 2 I I I 50 100 67 
Tote cas 5 I I die cima tllerene nits ete |hou's fete, eel Gyetsseton sted | Ret atacd ay gieNees 

All ages... 375. 242 61 65 16 au, 20 
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The age, sex and seasonal distribution of 626 cases in Scot- 
land as collected from the literature are shown in Tables 7a 
and 7b. 


Table 7a 
AGE AND SEX INCIDENCE OF 626 CASES REPORTED IN THE 
LITERATURE 
Sex Age groups 

Year {Total ee Winder 

Male} male) N-S-| 5 yr. | 179 |1O-19|20-29]30-39] 40-49 N.S. 
1918 32 4 DE 265 keer 2 Ze ihe te Ai eoterae 26 
1919 | 30 4 Te -25 6 | ameter: erate 2 I I 25 
1920 Bone 23 9 6 3 14 | Io I 2 z 6 
1921 2 7 Tal fr aie || ee Sad Bo oie EM [eRe s| |aSe I 
1922 Bala eee | woke Zo lckariaves (rank Wall cuecel| cra seee| Meroe cn| acme 3 
raopeey fell | wee || RY ee Nee oe 3 3 I TPE saree IIo 
L240 eA OD a | E25 25a eds Ca erodes (noeretont | eeteret eS lena aallee 20. 2 | 398 
N.S. I ba ii cual eared tb ako I 


Total | 626 | 356 | 230 | 97 3 Pil |h siy7 4 7 5 | 568 
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Table 7b 
SEASONAL INCIDENCE OF 626 CASES REPORTED IN THE 
LITERATURE 
eee ____ 
Quarter 
Year 
I II lll IV N.S. 
Toh Coenen Ae nee 6 13 I 12 
GTO Pee Peas sever “7, pa Mel iRRios Meee II 
TOZOMe aaron 7 24 7 
ODI eae OM ABI Ae. O88. NE ahi ee ied 
SPE. 6.0 -g Gip-ond 1) leieie ere oO ofl OMe cing eo aan ea tie ee 3 
Bio ply Sr deena aetna 102 10 6 
TOMAS. :elee es 4 308 66 24 
ISSCC ce ee Se Se ee are. are ee ieee I 
sotalineeeya 138 357 80 50 I 


The reported cases and deaths in Scotland (16 cities) for 
1921-27 are given in the League of Nations Monthly Eps- 
demiological Reports (Table 8). 


Table 8 
Year ropard || seep). || Sippy || biepL I Gasp || auGpNS |) Sopp 
(CEES ao cecicteac | Giae cael ipa exckeat (eee 631 206 194 130 
Deathsiaaneecs- 61 45 125 181 154 170 117 


The death rate for the period 1921-26 (per 100,000) was 
2.5 percent. 
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The figures in Table 9, giving the distribution by months 
(or four-week periods) for 1923-28, have been taken from 
the League of Nations Monthly Epidemiological Reports. 


Table 9 
INCIDENCE OF EPIDEMIC ENCEPHALITIS IN SCOTLAND 
{1923-28} 
Month 1923 1924* 1925 1926 1927 1928 
WEN ICC 6g bs, 015 Goren bl lONn boa c 3 22 22 II B fe) 
eb sersice eeincree | coment 2: 28 19 9 9 
Mar aise srtucrhe cos hal laaraneectire 5 28 26 17 9 
APs ceo terevotaenic aie 13 8 a7 12 15 10 
May accesishdardh Il 95 20 12 15 16 
AWS. aon oaoonbe 4 232 22 15 5 II 
Julyse etch eee 6 144 2: 10 II 
AUB eis oytienw.cltus Io 46 12 5 II 
Sept Pp9 spa ceae s 3 33 14 12 7 
Octane eerie 2 20 16 II 19 
INOVentee es oete tas 2 10 21 17 2 
Decaerystr trots 3 22 4 15 5 
16 
Notalee cae nx 54 636 ae 168 127; 


* By four-week periods. 
From the League of Nations Monthly Epidemiological Reports. 


IRELAND 


The available records of epidemic encephalitis in Ireland 


ate few in number and are confined chiefly to Dublin and 
Belfast. 


In Dublin, a case was observed in April, 1918, by O’Carroll 
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and Nesbitt (O 7), another in August of the same year, 
and two in January, 1919. 

Sir John Lumsden (L 351) described one case of encepha- 
litis lethargica with onset in November, 1919, and stated that 
twenty or thirty cases had been observed in Dublin, but gave 
no details with regard to the others. 

Parsons (P 47a) gives the incidence in the north of Ire- 
land: 1918, 1; 1919, 2; 1920, 28; 1921, 6. He remarked 
“that nearly all the patients from the districts outside of 
Belfast were connected by business with the city or had visited 
it shortly before their illness. It is in, and around, the chief 
industrial center of Ireland, then, that most of the reported 
cases of encephalitis have occurred.” 

The Belfast. epidemic was studied by Marshall (M 141). 
In the County Borough of Belfast deaths were reported as 
follows: 


1918 1919 1920 1921 1922 1923 


3 7. mes 5 3 ee) 


Up to June 21, 1924, there had been 211 cases in Belfast 
with 17 deaths. 

The author made a study of the records of 42 patients at 
the Royal Victoria Hospital from October 5, 1918, to De- 
cember 31, 1923: mortality, 3314 percent; males 30, with 
11 deaths; females 12, with 3 deaths. Two others died after 
leaving the hospital, but the cause of death was not deter- 
mined. The incidence by age, sex and season is given in 
Table 1. 
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Table 1 


AGE, SEX AND SEASONAL INCIDENCE OF EPIDEMIC 
ENCEPHALITIS [BELFAST }* 


Sex Age group Quarter 

Year | Cases 

Male | Female | 7 PO | PO 4° P°) 1 | | I} IV 

10] 20 | 30 | 40| 50] 60 

1918 Tp | snsceeone Pee Perea tere S| ere le ace I I 
1919 2 I I Ti WE A A Oe eo Eps. athe I 
1920 19 15 4 AD) Pane SONSs | QAR 7 SRE 
1921 3 2 I a I Ey 23 
1922 1 Wissacenee re Beeieeeleee oanlh Teall eae I 
1923 16 12 4 |t}4)311413)3)8)4 1-4 
Total 42 30 12 ie |freey) Gy || bale Ga) Ge pete (BR Ins. |p a 


* 42 patients, Royal Victoria Hospital. 


Thus the most marked incidence was in April, May and 


June. No evidence of contagion could be determined in any 
of these cases. 
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Northern Ireland: Cases and deaths by years are reported 
in the League of Nations Monthly Epidemiological Reports 
and Report on Public Health, No. 11, 1922 (Table 2). 


Table 2 
EPIDEMIC ENCEPHALITIS, INCIDENCE AND MORTALITY 
[1918-27] 
Year Cases Deaths 

LOT Siop-rawrens Go gate ies wes cave 

POPS ae se Gees hia es 2 

LODO awe sateen) Gwe 5/8 © 28 26 
TSG, Sen RNC CORONA 6 19 
OPUS & Pa Bene Gee bo. Sia arora | Bie ie ae citer eee Cee 5 
TOUS ets ahs $e oe org 23 34 

QI Aetna ies ae ier che sheet 278 80 
LODS taewrtoro cerca vite wesiecors 23 26 
TONS + ome On eo) DC Re Oe 11 38 
TORS cpasotncco.t Barca MOISE iiph 28 


From the League of Nations Monthly Epidemiological Reports and Reports 
on Public Heath No. 11, 1922: 
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The distribution by four-week periods or by months is 
given for 1923-26 in Table 3. 


Table 3 
INCIDENCE OF EPIDEMIC ENCEPHALITIS [1923-26] 


Northern Ireland Irish Free State 
Menth - 

1923* 1924* 1925 1926 
Janteerercn tee ° I I I 
Reb itisyausien ase 2 I i ° 
Marserecrerrter 2 ° I ° 
ALPE aso ROTO Ma «gs 5 I 4 ° 
Mayrvcrieiec ee aa te 2 124 3 I 
Jute jes etree ota a 71 I ° 
Ub Gann seme omion: 3 3 2 ° 
MB ay cetera fo) 4 ro) I 
Septtiewer sao. 2 5 I fe) 
Osti cra neers cet: I fe) I fe) 
Nov I I fe) ° 
Decrsi. sivaaese ° I I ° 

S) fo) 

Total epee ionae 20 222 16 3 


* Figures given by four-week periods. 


From the League of Nations Monthly Epidemiological Reports and Reports 
on Public Health, No. 11. 


An analysis of fifty-six cases reported in the literature is 
given in Tables 4a and 4b. 
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Table 4a 
AGE AND SEX INCIDENCE OF 56 CASES REPORTED IN THE 
LITERATURE 
Sex Age group 


Wes AD a ered ee on a el a 
Male |Female| 1-9 |10-19|20-29|30-39|40-49|50-59|60-69 
1918 4 7: CRU ata ot ace al Prec ore I I 
1919 6 3 30s eee. mm 2S Alera: Dee sears I 
1920 19 15 ATs Sys 4 7 3 3 2 
1921 5 3 I aN dite at Fa iste hes I 
1922 std ee eter TEES A Mel eee) CO Re I 
1923... 16 12 4 I 4 I 4 3 3 
1924... 4 3 Tesh 2ace 2 giles: aise ot I I 
N.Sexs. 3 I Ty silig- eae dl peed «ce earlene eel] easter lure arecdtaets 5s I 
otal een 56 37 19 hy | aia || gh 8 9 9 2 
Table 4b 
SEASONAL INCIDENCE OF 56 CASES REPORTED IN THE 
LITERATURE 
Year I II III IV N.S 
TASH ity Ra) Beco aeons 5 eee ere i ue 2 
AIG HG © oon oeuaere ye NE Samael es Soares 3 
EQUO weenie sees 17 I 
S99 A ea ee 2 ou Wer ees Gone 
TOPS era gichola Std ABI ae cleatelal npg I 
LOD 3 rere ees eee 8 4 4 
MLA sends on 91 a PE. 
NGS oeneL Tae ilter he - dante |toe dees «fag e)| bag eral tetagess taey2 I 
pLOtalege ca ot 16 27 7 5 I 
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FRANCE 


In April, 1917, under the title “Quarante cas d’encéphalo- 
myélite subaigué,”’ Cruchet, Moutier and Calmettes published 
an account of the first cases of encephalitis observed as a 
group during this epidemic (C 314). These cases are fre- 
quently referred to as having occurred at Verdun in the 
winter of 1915-16, although Cruchet was not specific as to 
location or dates in his first communication. Later articles 
(C 315, C 313, C 309) report these same cases, with some 
additions in more detail, making sixty-four cases in all. The 
diagnosis of two cases at Commercy, one in February, and 
one in September, 1915, is considered somewhat doubtful 
by the author; five cases at Verdun (June and December, 
1915, January and February, 1916) are included in the group 
because the later appearance of cases of encephalitis led the 
author to believe that these may have been the same. At 
Bar-le-Duc, forty-eight cases developed in the interval from 
March, 1916, to May, 1917, distributed as follows: 


1916 |March| May | July | Aug. | Sept. | Oct. | Nov. | Dec. 


I z I Xu 4 4 4 au 
1917 Jan. Feb. Mar. Apr. May 
5 7 7 3 3 


The mortality rate was 37.5 percent. 

These cases were confined to the same regiment or to 
neighboring regiments, and did not spread. Cruchet saw none 
in the civil population at this time. 

Twelve cases, diagnosed as poliomyelitis, were described 
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by Etienne in 1917: “Une épidémie militaire de myelitis 
aigués” (E 57, E 58). Two cases occurred in August, 1915, 
and ten in May, 1916. 

There were no other cases either before or after them, 
either in the army or among the civilian population. Etienne’s 
description of the course of the illness raises the question 
whether these were cases of poliomyelitis or of epidemic 
encephalitis. 

Gutmann and Kudelski (G 210) observed progressive 
symptoms in a former soldier at Champagne and made a ret- 
rospective diagnosis of epidemic encephalitis, with the acute 
illness in March, 1916. 

Another chronic case reported by Vignard, Mouriquand 
and Léorat (V 75) from Lyon, was thought to have had its 
onset in August, 1917. 

The first case of epidemic encephalitis in Bordeaux and the 
region of the southwest occurred at Libourne in March, 1918; 
there were three at Jouzac, March to April, 1918; three at 
Bordeaux, February to August, 1919; and twenty in the win- 
ter of 1919-20 in or near Bordeaux as reported by Cruchet and 
others (C 295, C 313, and C 320). In all, Cruchet saw 145 
cases in the Bordeaux region between March, 1918, and Oc- 
tober, 1920. He felt that the disease was probably carried to 
Bordeaux by soldiers, although cases of evident contagion 
could not be pointed out, even among those sleeping together. 
Twenty-seven died, a mortality of 18.6 percent. 

In March, 1918 Netter also observed seven patients with 
encephalitis lethargica in Paris (N 44), and reported them 
together with a case of Dr. Lereboullet; four of this number 
died. At about the same time, other cases were reported in 
Paris by Claude (C 130); Sainton (S 21); de Saint-Martin 
and Lhermitte (S 19) ; and Chauffard and Bernard (C 107). 
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During the first week of January, 1920, Netter (N 47), 
called the attention of the Academy to a recrudescence of 
lethargic encephalitis and cited twelve cases that he had seen 
between November 26 and December 30, 1919. 

Soon afterward Combemale and Duhot (C 181a) reported 
five cases from Lille. The first patient, a soldier, became 
lethargic three days after his return from Algiers in September, 
1919. Two other cases developed in December, 1919, and 
‘two in January, 1920. 

During the winter of 1919-20, a group of twenty-seven 
cases was observed in the Voges by Péju and Abel (P 72). 
The mortality was 55 percent. These authors believed the in- 
cubation period to be rapid, from thirty to forty-eight hours. 
They observed possible direct contagion on two. occasions; 
one between husband and wife, and the other between two 
soldiers who slept next to each other. 

Early in 1920, the disease assumed epidemic proportions. 
Bernard and Renault (B 168) gave an account of an inquiry 
instituted by the French Ministry of Health. Four. hundred 
and sixty-four cases were reported from January 1 to May 1, 
1920: 


70 206 144 44 


I 


Apr. | May June 


5 


One hundred and eighteen deaths were certified, a mortality 
of 30 percent. Adults were affected twice as frequently as 
children, but the average mortality was the same in both pe- 
Hots of life. There were five cases in persons over sixty years 
of age. 


In March, 1920, Netter (N 50) estimated that, up to that 
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time, there had been 10,000 cases if encephalitis lethargica 
in all of France, 1,500 of these in Paris. He himself saw 177 
cases from November 1, 1919, to October 31, 1920 (N 55, 
N 56, N 71). More than half (92) occurred during the win- 
ter months, December, January and February. The age distri- 
bution is given in 50 cases and the sex in 70 cases. 


Table 1 
AGE, SEX AND SEASONAL DISTRIBUTION OF 177 CASES 
{ NETTER} 
1919 Cases | Male | Female Age group Cases 

INOVike Sepa aki Fx | 1.29 41 | Less than 10 years} 6 (one2 mo.) 
Canes oor a EL We: Pe oer (ps eae TOO 6 

| 1920 
WAR rs ached, § Op rlipa ect fers AG 313) 9 
BCD ene Age Sti Ells Ra el oes 30-40“ 16 
TNS oe eee A 2 bl i Fle Fa Woo) af 
PAPE Nite ai ta = AN EE 4 Aloe ca Oe SO=60.) 4 
Maven k oo te. TIRE ys Saale thane: Over 60“ 2 (one 68 
Hines ae 2) thee ae AE Oe Ba | ea ne Oa Ny eee and one 87) 
Jel egeed wees 5 
SUG a Me. on. I 
SCPEre tebiae -- I 
OC ART A hd 3 

lotaleee ja... 177 29 76) tes, 5 ey 4 ee 50 


’ Out of 174 cases, which Netter had observed, there were, 

he believes, eight clear cases of contagion (4.6 percent). 
One thousand, seven hundred and sixty-seven cases reported 

in the French literature have been analysed in Tables 2a 


and 2b. 
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Table 2a 


AGE AND SEX INCIDENCE OF 1,767 CASES REPORTED IN 
THE LITERATURE 


Sex Age group 
Year | Total | Male] Fe- NS Under] —_|10-|20-|30-|40-}50-|60- 

male| "| x yr. |¥-9| 19] 29| 39| 49| 59 | 69 |7° +}N-S 
1915 5 Smee ere eee 7 op d ae a eel etic eRe cen I 
1916 DiS A Pee Se Ne ewey cell eee este | eatchoeser S| eo) rz 
1917 288] 2:88 | eres eee ee | eer mere EA 7Aletde) | 620 bo 6llissa ol ee ve 3 I 
1918 980/94 Sale A Salar ices tere 2| 18] 24] 20} 12] 9] 6 7 
GEMS) de oe | GY | THs || Ph Noon aae 9] 54] 75} 43] 23] 20] 6 21 
1920 | 840] 456 | 375 | 9 5 | 721|221|234}109] 81} 44] 16] 3 | 56 
1921 THOS |) SPS || Sieh | ase TH) |PLOl 17) 32 eS ero ees) aed 8 
1922 CE) SGP || eee emivctlle ess . GEA GioG]) Stendilaau I 
1923 (8s || Bk) Or setraalicns oe FAl ied) PO Sadler Gl}, <Gloeallo swe 2. 
1924 43 24 18 Tea |/os oer Zip oz) X27 |e Ole Alles teres ee 
1925 F301 BIG) TT Gl eek cil eae meee eal Gi ot@}) Sil ell Gt agl 3 
1926 13 4 CSF Perrier [fate ec ate By] ee 3 zh 
1927 3 I ME ety 8 ee wal) ad) ee 
N.S. 190] 102 | 84] 4 gh) Pe exe]] aed) Gaal) Sel) aml A) S|) aS) 
Total] 1,767 | 983 | 767 | 17 9 |134]3921489]267/200]105| 40] 10 |121 
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Table 2b 
SEASONAL INCIDENCE’ OF 1,767 CASES REPORTED IN THE 
LITERATURE 
eee ___._.......x eee 
Quarter 
Year = 
I II Ill IV N.S. 
OG eeprt corta- oes I I I 2 
HO LOtewere tela 6 y= 3 I 6 15 
LOLs fepire ste ais 19 6 3 
LOE Ola ya oes 41 20 9 15 13 
TOT e fades 68 16 II 132 24 
HQZOst.-f pat 542 130 29 85 54 
EO DAT ase. sien 20s 3 66 6 9 5 20 
LGV eles, eee ee 9 10 5 29 10 
223 poe onesie eke, 48 8 I 5 Fi 
LODA So) soaps SE 23 5 5 5 5 
LOU Scions, HE. 12 6 3 8 4 
G2 Geriems ower + ~ 7 3 I 2 
LC) 2 lL egess et Mou re bron tenet iowa finse! <i scavexasnen fins etesavehe oes 3 
NU Soae 4 ou Bh 3 Seal Sehorooe & fo repenecar Gel rience Aes 20] Meare ae 190 
plotalnemie sts 839 ariad 83 303 330 
SWITZERLAND 


The onset of the first recognized case of encephalitis 
lethargica in Switzerland was in December, 1917. The pa- 
tient was evidently seen by both Bing (B 225) and Staehelin 
(S 300) in Basle, and is described by each of them. 

During the pandemic of influenza in Switzerland in 
1918-19, ‘‘l’encéphalite est restée silencieuse’”’ (Carriére) , only 
to break out in the first few months of 1920 with the largest 
number of cases for any year of this epidemic period. 
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During 1920, 984 cases were registered in Switzerland 
with a morbidity of 2.5 cases for 10,000 inhabitants. Dr. Car- 
riére (C 48) gives an analysis of this epidemic. Compulsory 
registration did not go into effect until February 17; hence 
the reported total is probably incomplete. It is noted that 826 
cases were registered during January, February and March of 
this year. The figures in Tables 1, 2 and 3 are taken from Dr. 
Carriére’s report. 


Table 1 


EPIDEMIC ENCEPHALITIS IN SWITZERLAND [CARRIERE]} 1920 


Month Cases Deaths 

‘PAG Sree en gears Sle eee 38 16 
tee «are eee Me SS EN Ore ys & 440 III 
INNS d apr ec ea ace 2 348 96 
ZA DUGWs cpa B\aumts se See 78 29 
Miavaeninage: ticle ceaatenneeke 25 II 
i fivaSe or RO aoe II 12 
Ii RRO eae io 4 
JNUG 3 Sa cate eet saree 6 2 
SCP Urnumasgems tern Sere 8 4 
SS, eens eee 4 3 
INOW Acre Ad on icde soi Pee i I 
DISC fara ca ee van i I 

Total... .. wget. ean 984 290 


The mortality rate was 29.4 percent. 


Of 984 notifications, the age and sex could be determined 
exactly in 528. 
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Table 2 
AGE AND SEX DISTRIBUTION OF 528 Cases [CARRIERE} 


Male Female 
Age group 
Cases |Percentage| Cases | Percentage 

Under 1 yr 
Len Datos oleae Crane OCR GE G 5 1.8 7 2.8 
BLA, ei ceronsze gicces tia tisyehe 46 16.5 35 14.0 
LsatO Rh ens +. 2st Tats. & 46 16.5 34 13.6 
DD a a ac aes 45 16.2 59 23.6 
FOR Fae oetua bh a-aaceaet. + 48 17.3 45 18.0 
AG 49" Bre sie eee 44 15.8 36 14.4 
SORSQM mera ie ae 22 7-9 17 6.8 
EGE eke cits Se en ve 17 6.2 13 5-2 
TOM orden dik, chick Rn aS 5 1.8 4 1.6 
16) 21 skeet alee 278 100.0 250 100.0 


This author states that contagiousness must be slight, but 
remarks that “‘some familial or home epidemics were observed 
which leave no doubt of the contagious nature of the disease.” 
No specific instances are given, however. 

Naville studied the epidemic of encephalitis in Geneva, 
from 1918 to 1921, with especial reference to the sequellae. 
According to this author, 100 cases with 20 deaths had been 
pointed out in Geneva by Dr. Wartmen, a public health officer. 
But Naville saw 23 cases with sequellae that had not been 
diagnosed as encephalitis during the acute stage. Taking into 
consideration possible errors in diagnosis and neglect in the 
reporting of cases, this author concludes that there must have 
been from 150 to 200 cases in Geneva during the period from 
1918 to 1921. 
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Table 3 


AGE AND SEX DISTRIBUTION OF 290 DEATHS [CARRIERE } 


Age group Male Female Total 

Winder c1y.Geeee eerie Te AMD | | tate aoe eae I 
Wede YtSm... gees seasick 4 5 9 
Seid ac ogee sarah 14 13 27 
LS LO) men a erie teat ye 18 ig 29 
Aer u Im Finerietes Meta lcc wh 24 2I 45 
WOW dingo ooawabeos 26 15 41 
AOA” os Sod omens coe 28 24 52 
SO-5Qhe aan: Pe 20 15 35 
Gor6otiy Sat.ks Teh. 18 19 37 
LO S 5 me 
Total 4s. Meee eee 162 128 290 
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The Tables 4a and 4b give an analysis of 1,087 cases re- 
ported in the literature. 


Table 4a 


AGE AND SEX INCIDENCE OF 1,087 CasEs REPORTED IN 
THE LITERATURE 


Sex Age group 
ere Lore Fe- Under 10-20-]30-|40-|50-|60-|_. Jnr g 
Male! male| N-S:| x yr. |" *]29]29|39/ 49] 59] 69|" | 
1917 I Do Sates ees fend = I 
1918 II 5 Ge ere i a) Ue ee} 
1919 | 54 Spied Bel al he pre eee All 27 9 6 3 
1920 | 984 | 278 | 250 | 456 |....-. 173 |f04) 93} 80) 39] 30) 9] 456 
1921 wR 6 Peal cus ce I Bee |e 2: 4 
1922 4 ll eas Pan eee gee 3 
1923 7 4 2H enJo oe iao aro By Sell) al] a 
1924 3 Bia ves Sect eaeots ie eee alle I 
1925 2 Dele atanai| Recepeel uses ofl eee 
1926 gu oBall|ees Soee Vatr el ect aer TH I 
1927 ae see il a ae eae 
N.S 5 3 BY Iceman es pul oe I 
Total] 1,087 | 336 | 295 | 456 my 212 {121/108} 98] 48) 33) 9/456 
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Table 4b 
SEASONAL INCIDENCE OF 1,087 CasES REPORTED IN THE 
LITERATURE 
Near I Ul Ul IV N.S 

TOUT. ses Ricca touna| etek ssh eae eam ya [eta ches terial I 
EOS oetemeiey tet: Pag Uinkegs aies ere 4 4 
TQLY storsarwraersias LE 4 a 12 25 
LOZO nas ane 826 114 26 18 
UGPtrs oboe cubs: Gre Aiden e es I 2 4 
TG22 cause ciamciee I I I 
TODI sede vattae st 7 
NPE pio obra cx 5m ONS Pekper co Rel aero eie eae I I 
heya comer renee at alee Pano. oc ere |MGr On A cetera I I 
(SPH race G5 OU oi (0 Gon busho¢ I I 
TOV na eieucns eae I 
URC WBicie geen or [Ste Gibes so.cete Res Gera Peta’ Pie Reese: | Sa Se 5 

MOtall erent 855 120 33 40 39 
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From the Bureau fédéral de Statistique and the League of 
Nations Monthly Epidemiological Reports, we have Tables 
5 and 6 showing incidence by years and months, 1920-27. 


Table 5 


INCIDENCE AND MORALITY OF EPIDEMIC ENCEPHALITIS 
BY YEARS {1920-27} 


Year Cases Deaths pect sate ve 
100,000 

HISPNS) sp ut Sloe eine b Meee 984 290 Hos 
OGY Ate ee a eee 156 79 2.0 
TU eter inves ec 62 42 LE 
LGU Brett atest « ehctesk 203 103 255 
TSP NES era Are ME 87 78 2.0 
HORS <eote [one CBee 71 7O 1.8 
SICPUSE wan i Rais Be 36 55 

LOD we alte hs sh 23 44 

TO 2G He esata es wre 2I 


* To July only. 
From the Bureau fédéral de Statistique and the League of Nations Monthly 
Ebidemiological Reports. 
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Table 6 
INCIDENCE OF EPIDEMIC ENCEPHALITIS BY MONTHS 
{1920-27} 
Month 1920 | 1921 | 1922 | 1923] 1924 | 1925 | 1926 | 1927 
Jan. 38 2. Sey lammioverted 5 a 4 2 4 
Febaaierca.ieck 440 Fie lessee 3 68 Il II I 3 
Mar eueae ena 348 ei stellate 5 41 2s 21 5 3 
ADE ae ash eal lecoeciasl iors 9 14 II 2 3 
Mayan trot are. 2S. las seats babe cree 8 17 10 3 3 
UMCS ever ete ass EES |e ema eg acele ai 8 3 3 ° 
Julyeeno cea 12) ls sceteeellehec-cs oft 2 5 5 4 fo) 
AUG Kee is ee GE arcane War brnit: 3 Fi I I fo) 
SCPC caceretasicia ct Bir Ae caeran. | erences fo) 4 2 6 a 
Ocum mera rote. A iWanseeat iohs miele 4 ° fo) a I 
Novanauaniaran: oA dlWase Se 6 5 I fo) 2 fo) 
Decent atari. 7. lee ees 5 4 4 3 5 3 
Total .| 984 | 156 62 | 203 85 7i 36 22 
From the Bureau fédéral de Statistique and the League of Nations Monthly 


Epidemiological Reports. 
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ITALY 


D’Arbela and Montanari (D 31a) refer to cases of en- 
cephalitis lethargica in Salerno in the winter of 1918 as the 
first observed in Italy, followed by thirty typical cases in 
Prato (Micheli) in the spring. In Florence, eight cases were 
reported in 1918, one each in January, February and May, 
and five in the second half of the year. 


Late in 1919 more cases began to appear in widely sepa- 
rated districts, followed by a tremendous outbreak in 1920, 
with a total of 5,009 cases reported in all Italy for the year. 

In Turin, Almasio reported 138 cases, with 48 deaths (34 
percent) distributed as shown in Table 1. 


Table 1 


AGE, SEX AND SEASONAL INCIDENCE OF 138 CASES 
{ ALMASIO, TURIN] 


Age group Cases | Deaths || Male | Female || Month | Cases 

Winder say tsi: 4 De Spears etd Stam ore es 1919 

GG). S 05 oo ye 5 ms leet rari rere re Dec. 4 
TO Oui SF. 19 oD Nine nepgetel| Seer ath: 1920 
ORO) ee erie: 47 TO All Geter cus: cain: Ree ac: Jan. 74 
BOs4ON Re yeti = 31 Fie ear eae | eae: Feb. 3 
NOBIO nals eucecenscte 15 9 Ris, acer eccyehctcad Mar. 17 
SOnsoy |) moo ur 6 I 
Go=7o1 il. sen 7 3 
O80! Wlataestie & 4 3 

Ota enacts ss 138 48 74 CARE ls. Sees 138 
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Pecori (P 65) describes the epidemic in Rome. This started 
with 80 cases in December, 1919, and 108 cases in January, 
1920. Of 338 cases among civilians, there were 158 male and 
180 female, with 91 deaths. Of nine soldiers affected, two 
died. The age distribution is shown in Table 2. 


Table 2 


AGE DISTRIBUTION OF 338 CASES AND 91 DEATHS 
{PEcorI, RoME} 


Age group Cases Deaths Mose ligy 

percentage 
Wind eipre yarn: I fo) fe) 
T= SUOV LS eee 14 3 21.4 
EH} > ccwcend 18 2 Emote 
TeSLOW oe ee heetiets 89 20 22.3 
INHAO) Sin eek d 124 35 28.2 
At COmmaener re 78 27 34.6 
Over60; WIE : 14 4 28.5 

Totals, apts 338 91 


The professions varied; 11 percent of the women were 
servants. Hight cases of possible contagion are cited. Judging 
from these, the author thought the incubation period was four 
to fifteen days. 

Pecori also refers to 117 cases which occurred in Milan 
or nearby communities during the period January-May, 1920. 
Ronchetti (R 230) describes more fully 20 of these cases (all 
women), with 7 deaths; in the age period 15-20 years, 4 
cases; 21-25 years, 4; 25-30 years, 2; 30-35 years, 3; 35-40 
years, 3; 40-45 years, 3; and 60 years, 1 case. There were 10 
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housemaids, 4 charwomen, 4 factory workers, 1. dressmaker, 
and 1 manager of an asylum. Several cases occurred in one 
family. 

On the island of Sardinia, 152 cases were examined by Rossi 
during the years 1919-23, (R 263). A map is given show- 
ing the location of the cases. This author never saw two in 
the same family. 

D’Arbela and Montanari (D 31a) have reported on the 
incidence of encephalitis in Florence 1918-26 (Table 3). 


Table 3 


AGE AND SEX DISTRIBUTION OF 132 Casgs {[D’ARBELO 
AND MONTANARI, FLORENCE } 


Age Percentage 
Year Male Female Total group Of Cases 

TAOS) cus eee 5 3 8 Up to to yrs. 67, 
NOP ne doen 7 3 10 | 10-20 ' 25.8 
TAVIS NS AOE 28 23 51 20-30 awit 
TG} 2s ead sl 7 3 10 30-40 “ 18.9 
T9225, cet). 17 6 23, 40-50 au 18.9 
LOMB shee « 5 z 12 50-60 * 8.6 
itp AG co 7, 4 II 65-70 9 atey7) 
TOV a = 4 2 6 FOO me fo) 
OHO a eet oie I fe) I 

Total 81 51 Tie 


The mortality rate was 27 percent. 
Of 60 cases observed by these authors, there were 38 
males, with 36 deaths (22.4 percent). 
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One case of probable contagion from mother to child was 
noted. The greatest number of cases were from the working 
and peasant classes. 

The age, sex and seasonal incidence of 877 additional cases 
collected from the Italian literature are given in the Tables 
4a and 4b. 


Table 4a 


AGE AND SEX INCIDENCE OF 877 CASES REPORTED IN THE 
LITERATURE {ITALY} 


Sex Age group 

Year | Total Fe- Under 10-|20-|30-|40-|50-|60 

Male ratel Neos yr. 2-9 19 |29 139} 49 | 59 | 69 7o+|N.S. 
1915 Cael eee | ete boll eat WP ages ae 
1916 I tl Rea Fo S.0| karan Ss I 
1917 Ey | Serer: T he eecg collier castes FE bec (Rieees | eee 
1918 | 12 9 Be lls Me atl eure rales ol le | eee UG ally Ek 
HEY) | aie) 73. (0-83 3 3 12| 33] 40] 19} 9] 5].--|..-| 28 
1920 | 470 | 254] 198 | 18 I ASAhedijre{o)) Kyl Neil Zke|| | By 36) 
1921 | 56 29] 24 Si hemrnoete Al TG) 923) | 02") 72ers! [arene 
LOB 52: 28 | 20 Aa\ereteestics Ube Fgh TASH Mee ss lle as ane 2 
1923 10 2 6 Zale. chee 23 obel| we 
TO ZANT II 7 3 2 Hy wee Za, Sl ball eal) ule I 
1925 10 3 6 iT) || rekebeacie I Sie I 
1926 oy DN waduchl sats rs hatican ews Shee ees Glee 
1927 bie A Veneer 1g ae eae aoe Porm) 
N.S. | ro1 Aa nAT; Faullere come 7A\ BAN AQ Dial] GIP Fl Alloa. 2 
Total} 877 | 459 | 377] 41 6 63/215 |225|170| 91] 46] 12| 2]| 47 
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Table 4b 


SEASONAL INCIDENCE OF 877 CASES REPORTED IN THE 
LITERATURE {ITALY} 
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Year Quarter 
I II Ill NY 

RIG TE Sy hci se? || iste tee Nal wnispapeh ben cists I 
QGP week rete sh liens 2 Eile ae [INRA -coreste nay I 
SEG (ij dee sure Pare ca allo pagan emg aiessansibsctell Rast wastage Motel spend ates 
HSER Four cheer, Oe AG cco Che ke [oie cae SERIO, |e SER cree coe 4 
FOROS caret 20 5 8 78 
EQPO mee Pic. 355 19 12 29 
Spi 0 Fy Se ei 27 5 3, 8 
EQ Dass eee e es is 30 7 a 2 
HOWR ae ise oe 10h 4 SPs {iota aioe oF 2 
EO 2EATR ade aula ecaiey 8 4 I I 
ODS pagers tox 4 DS ol Pye dire) ol penecnatoee a3 
HOM Sis pees J Oo 2 
TOQ27 >. etonnd« I 
INS ouun chs oct oe Ota Coen lle Gees 6 cacti N PLA s¥e GOR Siete) eae cere earn 

otal scr: 5: 451 45 28 124 


N.S. 
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Nineteen cases from Sicily were reported in the literature 


for 1919-22 as shown in Table 5. 


Table 5 


AGE, SEX AND SEASONAL INCIDENCE OF 19 Cases REPORTED 
IN THE LITERATURE {SICILY} 


Sex Age group Quarter 

Year |Total 

Male} Female]10-19|20-29]30-39|40-49| I | IZ | HI | IV |N.S 
KOU SINR Deal. eee Malice ere AA 2 eh 2! 
apley || 37) Ges 2 I 5 4 Aspe PET | 528 | ceectrall eaers I 
ney || ak I I I ee Ree) eee 7 
1922 I Tae ates a eer fs: See [ree I I 
Total} 19 | 14 5 a 6 6 Sts |) 261 bob loses ocuers I 


The incidence in Italy by years, 1920-27, as given by the 
League of Nations Monthly Epidemiological Reports, is shown 
in Table 6. 


Table 6 


INCIDENCE OF EPIDEMIC ENCEPHALITIS BY YEARS 
{1920-27, ITaLy] 


Year 1920 | 1921 | 1922 | 1923 | 1924 | 1925 | 1926 | 1927 


Gasesannvanes ce: SAS eA Werbee || eee || Kee) | tasks | Heo) | age 


Other numbers of the League of Nations Monthly Epi- 
demiological Reports give the incidence in four-week periods 
for 1923-25 and by months for 1926-28 (Table 7). 
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Table 7 


INCIDENCE OF EPIDEMIC ENCEPHALITIS BY FOUR-WEEK 
PERIODS OR MONTHs [1923-28, ITALY] 


4-week periods Months 
1923 1924 1925 1926 1927 1928* 
Casesi»|"-Gases, | ‘Cases Cases |Deaths*| Cases | Cases 
15 28 BS IeeKany eee | S45: 56 27 23 
35 52 Ty Federal 39 47 29 26 
7O 150 925 Ua Mati. 60 75 36 21 
45 151 FA Diare 66 50 28 15 
27 72 66 |May... 51 44 32 
15 37 Aree Ines: 47 47 20 
8 18 Bee aby cere 2 52 24 
6 21 aig iam Acer See 28 4I oF 
4 13 TS ses Septts 19 a3 8 
7 15 1494 \OCt sper 20 35 18 
15 12 13 NOV ee pee 39 13 
15 oa: 200, Deca. - ip 45 15 
oS) ay! £9 
277 618 523 450 564 277 99 
* To May 5. 


From data sent by the Instituto Centrale di Statistica del Regno d'Italia. 
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BELGIUM 


The monograph L’encé phalite léthargique by Van Boeckel, 
Bessemans and Nelis (V 19) gives a complete account of the 
epidemic in Belgium through 1921, including reports from 
the Belgian literature. Some of the original articles have not 
been available for the present work. The following state- 
ments, therefore, are taken freely from the monograph men- 
tioned. 

Burger and Focquet (B 431) reported a case of encepha- 
litis lethargica seen in September, 1918, in the hospital of 
Beveren on the Belgian front. With this exception, the dis- 
ease does not seem to have been observed in the Belgian 
army. 

Later, Nauwelaers and Meunier (N 11) described three 
cases in Brussels and placed the onset of one in 1917, thus 
indicating the appearance of encephalitis there at about the 
same time as in France and England. 

Early in 1919, a group of cases in Ruddervoorde attracted 
attention. Seventeen out of the twenty-six members of four 
families were taken sick, the first in February, the others in 
March and April. 

At Harlebeke, five cases, all members of one family, 
developed in March and April, 1919. Other isolated cases 
were noted at about the same time in other localities in west- 
ern Flanders, as at Aertrycke (Nélis and Baekeland) and at 
Blankenberghe (Retsin). 

In January and February, 1920, encephalitis reappeared in 
about twenty villages in the same territory and also in eastern 
Flanders and in other provinces; cases were reported at Brus- 
sels (Laruelle), in the province of Namur (Haibe), and at 
Liége (Lamalle and Leroy). 
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During the winter of 1920-21, the disease spread from 
west to east in Belgium. There were numerous cases in the 
eastern portion. The province of Liége reported 200 affected 
(Lacomble-Rapport a |’Administration de, I’Hygiéne, Brux- 
elles, 1920) ; in Flanders, on the contrary, cases were infre- 
quent. 

Van Boeckel, Bessemans and Nelis estimate 700 cases in 
Belgium from the beginning of 1919 to the end of 1921. 
The official report for this period and the League of Nations 
report for the succeeding years are given in Table 1. 


Table 1 


INCIDENCE OF EPIDEMIC ENCEPHALITIS BY YEARS AND 
Montus {1919-28} 


1919 | 1920 | 1921 | 1922 | 1923 | 1924 | 1925 | 1926 | 1927 |192.8* 
i ilienten ea Ae plone ee Sh M7. A ot oe 13 one a6 fe) fe) I 
Rebar een Simran leases |e. 4 @ |e 5 I . 
Marrs cusses 13 4 ST cilll pon ooo z oh 6 3 ce 
AN} 5 caeo ae 3 3 A Vibpesec 3 I I fo) I 
IMiaiyaewen tances 4 6 See leerseed fe) I I fe) 2 
A SEICSe © bees Ocoee nel pees al Beworoe fo) 9 7 2 on 
{ig gees 2 ih 1 Berecrelllocpern I 2 3 ro) I 
ANYON cue dache Patent APRs AN Seake I fe) I ° 3 
DEPE Meat dl cee. 5 FIE eevee I 2 I Oo} «2 
OCEer ys seein |e ests. I Pel senate ° I fo) 4 4 
INOW At ne coal ones = oi te as ll tetera 2 fo) 2 3 I 
Dec Here seit. 3 BV. S alles « orclllt omc e fe) 2 I 2 3 
BO tale mae vy. yah (Was) PR || pute || |e syn ale Nias I 


* To July 14. 
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Of 200 cases’ studied by Van Boekel, Bessemans and 
Nelis, the morbidity and mortality by age and sex are given 
in Table 2. 


Table 2 


MorBIDITY AND MorRTALITY BY AGE AND SEX IN 200 CASES 
[VAN BOECKEL, BESSEMANS AND NELIS} 


Male Female 
Age group oe 
Cases Deaths Cases Deaths 
Wirdetony rs ret ater 6 ° 6 fo) 
LOF2O VIS ie oneiststs: sos earns 16 6 26 fe) 
LO-3Ol agen tate iNeed acct 28 8 26 fo) 
FOrdO 0 te tment herts ase ete 16 4 6 4 
AAS 08 ence atery ey eo cee 22 10 BK) 6 
SORGO Wy otans gneiss Io 8 10 toe 
6O=70 mie aan. et 6 4 12 4 
‘Total Xm ates cree 104 40 96 22 


The mortality rate was 31 percent. 
In spite of many instances of familial affection, these 
authors were unable to establish one case of direct contagion 
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A few additional cases have been reported in the literature 
(Table 3). 


Table 3 
AGE, SEX AND SEASONAL INCIDENCE OF CASES IN THE 
LITERATURE 
| Sex 
Age grou uarter 
Year |Total |_——_—_—_—_—_ ct ee ieee 
Male] Female |1-9 |10-19|20-29 |30-39|N.S.| I | IL | II) IV|N.S. 
1919 5 ee I Teas | eteyes eee | oe DENY dees etl laeaee I 
1920 4 AN ile tena sted ee pe valet 2 5 ee ea lees I 
N.S. fw” lena eee i be at ae oh Us ae ell eye iees| cick ate itm" 
Total| 7 4 3 Ty Vex 2 2 L HOs uate ies ania 
HOLLAND 


Through the courtesy of the President of the Health Coun- 
cil (personal communication from the Gesundheidsraad, 
February 29, 1928) the following information concerning the 
incidence of epidemic encephalitis has been obtained. 

No serious epidemic of this complaint has occurred in the 
Netherlands. Previous to 1918, some cases were first re- 
ported as botulism. Later it was thought that these may have 
been cases of encephalitis lethargica. During the autumn and 
winter of 1918, only a few cases were described. In the be- 
ginning of 1919, there was a slight accumulation, while most 
cases seem to have occurred in the spring of 1920. 

In January, 1924, registration of encephalitis lethargica was 
made compulsory. To obtain particulars concerning this 
complaint before that time, a questionnaire was forwarded by 
Prof. L. Bouman in 1924, to psychiatric and neurological 
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clinics, children’s hospitals, asylums, etc. The results were 
published in 1925 (B 312). The cases reported in response 
to the questionnaire, in addition to those described in the 
Dutch literature, gave a total of 189 cases observed in the 
acute stage for the years 1918-23, distributed as follows: 


Wear 1918 1919 1920 1921 1922 1923 
Childrens eect I 4 6 10 6 8 
INI f ke athe & 7 II 49 39 22 26 


The mortality rate was 27.5 percent. 

No cases of contagion were described and there was no 
local accumulation of cases; these were distributed throughout 
the entire country. 

The figures in Tables 1 and 2 showing cases and deaths of 
epidemic encephalitis reported for the years 1918-28, are 
taken from the above communication of the Gesundheidsraad 
and the League of Nations Monthly Epidemiological Reports. 


Table 1 


EPIDEMIC ENCEPHALITIS, CASES AND DEATHS {1918-28} 


Year Cases Deaths 
LQEG Marrs set eee 8 
EGIOM: Seek AI LE 15 
EQVO i scone tee ren tee RES seas athe Aen eie 69 
IQ20. soem aaehyas:.cshheael Cem + es tebe ae errs 85 
be PACT Tea orto Ee re OC ORGS Pore AO ae hind 47 
BSP hed MOEN Pe, Seeeene ema (rence are A com ton wane 41 


R oon the Gesundheidsraad and the League of Nations Monthly Epidemiological 
eports. 
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Table 2 


INCIDENCE OF EPIDEMIC ENCEPHALITIS BY YEARS AND 
Montus [1924-28] 


: w Ss al (8) my c : 8 
£/2/2/£/2|2/2/ 21s] 6 |e ta [é 
1924 
(GASES TaN Neer meet 4 4 3 3 oh 3 5 || BR 
Deaths. .| 8 Deegeleeral 5 Dees; I foal (earl) eel el acy 
1925 
Gases ns pat ee Og 03/5) G22: Gy i les Galle | 24 eG I }120 
Deatosneal a2: Ga) 5 4 Cul 3 2 2 8 ie |) GC) 
1926 
(Cases eG Sh | aah [ly es 4 8 7 5 4 6 5 4 | 85 
Demee F ETN GOS Sf 2 She S 1S | 2H O37 5 199 
1927 
Casessnrel 9) | 22> | Lom 16 Gy |g ie Sh I Fede (| 3, |LOr 
Deas, | 9 || (Sj) ae GelieGo a Wl Gall 35 he |acih, |b 2 | 64 
1928* 
Bacccene ea hele erie h rcbeleasuscalfosactulllc cele case Beet ecards ome he gd 
SAGO EMCEE ee ee cAllce Re evdo fe Are sellls. otscalienens odleoere v|rete. ag Bar lara | ed! 


* To May 31st. 
From the Gesundheidsraad and the League of Nations Monthly Epidemiological 
Reports. 
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Fifty cases have been collected from the Dutch literature 
and tabulated in Tables 3a and 3b. 


Table 3a 
AGE AND SEX INCIDENCE OF 50 CASES REPORTED IN THE 
LITERATURE 
Sex Age group 
Year Total Mins Under} —|10-|20-|30-|40-|50-|60 
ale) FemaleiN.S.) 3 yr. |!-3] 19 ]29139| 49 | 591 69 N.S. 
MON rce a) iL BED Weyb eto crata ll oe ete 28 one ets ed 
LOTS teerpau ecm tee acl a cuetactrens pUONTES. Be ae I 
TOT9s 1) | 13 10 Py eel (Boro weign Ss Pe es Aa esi idea ae 
TOLOM- eae lees TOU reece eee M7 a ae ae Hl oa I 
TO2 tase ed 3 MD kere tears Se fel ae 2 
PIN. ail) ae Ee) Pieced eel eae sail 
UG oa || eh Ege |meee Meo eden os Ep hye ie 
LO2 Aire e | Olmert 5 I EP ieredel|) haha |rpvameal revel erat hes 
OPS acoc |, & 3 3 ere eee 20 la St be Seal lari ecole 
N Saas 2 I Te its 2 eae I I 
Total. leson lag4 14 2 I Spite ya OS | on eae | a 
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Table 3b 
SEASONAL INCIDENCE OF 50 Cases REPORTED IN THE 
LITERATURE 
Quarter 
Year 
I II Ill IV N.S 
POE eeeercpe mye ANAS BAe. dane. [ani persis | eeeean eR ee OE BOD I 
QMS Aree Maes te. Reta. Aas APART SCI NEN e. SUSE Levy I 
NOT OMe tines AI! 6 hes | es Aiea Sc one i 4 
HOVOE «| veLts d.. 6 3 Be Aled RS: A 4 
LIGVEN te cea race ape Sone Zach pape |toxcten suetteg tues repetcc Bay 2 
TGS meres Beast kana a Fesee calls eactapere otal late ae hie. [ex 2 fas canoes 2 eos I 
EGER etch ea. ra ce TMA ochre oracurall ne smiths cues I 
TQDA RE nea steht s)| Sins» ovate ln = We We Satara moet 3 2 
ey, oles or el Gace Romy Re eran 3 I I I 
INE Spree feat antes Woe Chern dete wail any aa Ses Gal een oe A ee 3 
otalee ey 13 II a 7 17 
GERMANY 


In Germany the earliest case of lethargic encephalitis to be 
studied during the acute stage occurred in February, 1917. 
The patient, a man of thirty-eight years, presented himself 
at the eye clinic in Kiel, in May, and was then admitted to 
the medical wards of the hospital. This case, together with 
others which occurred in Kiel early in 1918 and in 1919, 
was reported by Reinhardt (R 59). 

Kirschbaum (K 56a; this reference has not been available 
to us but is quoted by Meggendorfer, M 245), under the 
heading “Ueber zwei der Paralysis agitans nahestehende 
Krankheitsbilder,’ describes two cases. One of these patients 
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was first taken sick in Berlin at the end of May, 1917, and 
is thought by Meggendorfer to correspond to those in his 
series of chronic epidemic encephalitis. 

If we accept retrospective diagnoses made from chronic 
conditions, we must admit the possibility of sporadic cases of 
epidemic encephalitis in widely separated districts in Ger- 
many in 1915, 1916 and 1917. Moewes (M 333) establishes 
the onset of one such case in Berlin in April, 1915; Felix 
Stern (S 332), in determining compensation for army service, 
traces two cases to the ‘Western front,’ one with onset in 
the fall of 1916, the other at the beginning of 1917. Meg- 
gendorfer (M 245) also describes a residual condition follow- 
ing acute illness ‘in the field’ in February, 1917, and another 
from Berlin with onset in May of the same year. In Got- 
tingen, one case occurred in June, 1917 (Kant: K 11); in 
Bonn, Meyer places the date of onset of four cases in 1917 
(M 275); Kassner (K 19) lists one from Essen; and Ewald 
mentions one at Weiden in the winter of 1917-18. 

Strimpell (Leipzig) (S 389, S 390) described his observa- 
tions on twenty-five cases seen up to the date of writing in 
June, 1920. The age period between 15 and 25 years was 
chiefly affected; the three oldest were 50, 52 and 59 years. 
Eighteen of the number were women. In restrospect, cer- 
tain cases in the hospital in 1918 were thought to have been 
epidemic encephalitis. Even some of the severe fatal cases 
seen during the preceding years and in which autopsy showed 
no gross anatomical changes, should probably be included in 
the same group, according to this author. The peak of the 
epidemic in Leipzig occurred during the first half of 1920. 

Kayser-Petersen and Schwab (K 37) made a careful study 
of the epidemiology of epidemic encephalitis in Germany 
during the years 1918-20. They sent a questionnaire to med- 
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ical and psychiatric clinics and to the larger hospitals. They 
also made a study of the German literature available to July, 
1920. Although they feel that there are many gaps in their 
material, it has been possible for them to show the spread of 
the disease during this period. They obtained reports of early 
cases in Dresden in October, 1916; in Leipzig in the winter 
of 1916-17; and in Niirnberg in 1917. 

In 1918, although the total number of cases was Aan 
reports show that they were widely scattered throughout the 
country; Kiel, Danzig, Berlin, Dresden, Munich, Stuttgart, 
Kassel, G6ttingen and Dortmund being represented. 

The first epidemic increase was in the winter and spring 
of 1919. These cases were limited for the most part to 
Kiel, Hamburg, Munich, Stuttgart and Tiibingen. Only scat- 
tered cases appeared during the summer and fall, followed by 
a fresh outbreak in the winter of 1919-20. During December 
1919, this was very mild in degree and was confined chiefly 
to the Ruhr district, but by January, 1920, encephalitis had 
broken out in numerous places, namely, Ruhr and Nieder- 
Rhein, Hamburg, Berlin, Rhein-Maingau, Nordbaden, Wiir- 
temberg, and Bavaria. The peak was reached in February and 
March, and the epidemic declined in April, May and June. 

The above-mentioned authors have illustrated this spread 
of cases by maps, and are under the impression that, as far 
as south and middle Germany are concerned, there was a 
march from east to west and from north to south. It was 
also noticeable that in some districts, especially in middle 
Germany, even in the midst of affected areas, either no cases 
at all, or strikingly few, were reported. 

An attempt to trace the epidemic appearance of encepha- 
litis in Prussia in 1920 was also made by Fassbender (F 14). 
He states that the first report in Prussia was from the Gov- 
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ernmental division of Trier. In the subdivision Saarbriicken 
in the Sulzbach Valley, seventeen cases were reported from 
December, 1919, to the middle of January, 1920. Isolated 
cases were then reported in the subdivisions Trier and Wit- 
tlich. After the middle of February there was a spread of 
the disease to almost all the other subdivisions of Trier, 
although the number of cases was small. In the govern- 
mental division of Coblenz, bordering on Trier, the first cases 
apeared early in March, while in Aachen, several cases had 
been reported in the second half of January. In a number 
of divisions the disease appeared only sporadically. In the 
division Allenstein, only the little town of Réssel was visited. 
Not one case was reported from the divisions of Minster, 
Aurich, Breslau, Schneidemiithl and Marienwerder. This 
author gives the incidence by districts with a total of 520 
cases, but does not consider the figures accurate. In not one 
case could transmission from one person to another be traced. 

Gottstein (G 114) also gives the following figures for 
Prussia, taken from the official reports for January to May, 


Table 1 
AGE AND SEX INCIDENCE OF 100 CasEs [GOTTSTEIN} 


Age group Male Female 

Wide nergy iti ery nrtaiae ot fo) fo) 
SLORY ES sereteaye-tauel be 3 re) 
TOnk5 aah “iiaiseac. oh 5 3} 
TS —2OMME Tans tee 12 9 
Os SMM Ss: 15 13 
Overs Salts ia. eamtecks 28 2 
TLotalieees wentes seth 3s 63 37 
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1920: cases, 538; deaths, 192, or 35.6 percent. From 100 
cases reported in the German literature he determined age 
and sex incidence as in Table 1. 

Holthusen and Hapmann (H 219) reported 63 cases, 
which they had observed in Heidelberg during this period. 
The monthly incidence is given in Table 2. 


Table 2 


INCIDENCE By MONTHS IN 63 Cases [ HOLTHUSEN AND 
HAPMANN, HEIDELBURG } 


Year Month Cases Male | Female | Deaths recorded 
LOLS Sete dana oe 39 23 8 
ROL OR ai bist Ee 5 4 eee 5 
Rebrermencrr 16 
NAAT er eres 20 
INO Esn 0 eras hae 13 
Maiycametern oe 
ARCS, os ova ee 2 
OCR hae 2, 


Perhaps the most intensive clinical study of encephalitis 
in Germany was conducted by Felix Stern in Gottingen (S 
328, S 330, S 331). Although this clinic drew its cases from 
a relatively limited area, the author observed over four hun- 
dred in the district of Hannover, distributed by years as 
shown in Table 3. 

Stern estimates that there must have been 60,000 cases in 
Germany during the epidemic, the peak occurring in 1920. 
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Table 3 


INCIDENCE OF EPIDEMIC ENCEPHALITIS 
[STERN, HANNOVER} 


Year 1917 1918 1919 1920 1921 1922 


CaS CS)ccg5 ats siorctenec a i ati Der 81 83 


In Bonn, Meyer (M 275) observed ninety-two cases in 
which the date of onset could be determined definitely. The 
apportionment by years is shown in Table 4. 


Table 4 


INCIDENCE OF EPIDEMIC ENCEPHALITIS [ MEYER, BONN] 


Year 1917 1918 1919 1920 1921 1922 1923* 


@asesaer 4 7 18 40 15 5 3 


* Incomplete. 


A report on the epidemic in Prussia for 1919-24 has been 
compiled by Deicher (D 63). He gives the incidence for the 
years mentioned by districts, but notes that the figures are not 
indicative of the true incidence, since the reporting of epi- 
demic encephalitis is not compulsory. Each district president 
bases the figures on answers to questionnaires, which are often 
incomplete. The author believes that the correct figures would 
probably be double or triple those given here. Table 5 has 
been prepared from the tables in the text in order to show 
the incidence by years for the twenty-four districts that so 
reported. Ten districts reported for the six-year period as a 
whole and not by individual years. The total number of 
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cases thus obtained does not agree with the author's total, 
11,317, owing to a discrepancy of eight between the total as 
given in the text for Frankfurt a. O. and the total obtained 
by adding together the figures given for each of the six years 
in that district. There was no report on deaths from six 
districts. The mortality rate was 15 percent; 32 percent of 
‘the cases became chronic. The peak of the epidemic was in 
the years 1923 and 1924. In 1925, there were only 217 cases 
in all Prussia. 


Table 5 


INCIDENCE OF EPIDEMIC ENCEPHALITIS IN PRUSSIA 
{1919-24, DEICHER} 


Years Cases Deaths 

TAOS 5 Seeks A cera Bees 541 68 
[GP Gionn coeds tole 4G ome 1,448 176 
LEG PLINS, Monn ORC ne Rtas ae 1,358 136 
EG LON ey oh =. hs Pata shan 1,596 137 
TOL eerie sdensvs chetoper eepe ones 1,861 141 
VODA es Pegs snc hbo sker 2h Oi 137 
RONG UCP 5 Se Sietsg Bes Aly, airits 903 
pO tal Ver vacuse ts «(oh 11,309 1,698 


* ro districts. 


The age was not always stated, but the incidence was ap- 
parently greatest in the age-group 31-60 years. 

No difference between city and country could be deter- 
mined with respect to morbidity. 

Eight instances of possible contact infection, involving 
twenty-seven people, are described. This small number of 
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Table 6 


DEATHS AND MoRTALITY FROM ENCEPHALITIS LETHARGICA 
NOoTIFIED IN GERMAN TOWNS OF 15,000 INHABITANTS OR 
More DuRING THE YEARS 1925-28* 


1925 1926 1927 1928 
Month | Actual} Per |Actual| Per |Actual| Per | Actual| Per 
Figures|10,000}| Figures] 10,000] Figures] 10,000] Figures] 10,000 
Janae or ay {|| EE 40 | 0.2 29 | O.1 1690.8 
amciassnal| geile lieu 30 si4e:x TOM Os 7 O13 
Marsy. bude gp |) KS 17 O.1 20, {10.3 19 O.1 
ADEeereree _ 9 | 0.04 Hf Onre | (Otte 5 0.02 20 O.1 
May. casa 6 0.03 18 O.1 Ao: 02: 
unter e LE oer Omer mreren J \F0503 
Julyaenee 7 || O103 ieee | Maye 8 | 0.03 
AUP are oie 6 | (or03 23 O.1 Tac One 
Septumtsas 6 | 0.03 16." | O.8 7a | 0:03 
Octive tence 4 | 0.02 II 0.05 8 | 0:03 
Noyce 12 O.L 12) O.1 12 Oa 
DeGs tetera. II O.1 13 O.1 14 0.1 
otal 144 | o1 22:4 e011 144 | o.1 
Definitive 
result ac- 
cording to 
the annual 
Teporten-e dose ORE 217 | o.t | Not yet available 


* Population, Jan., 1925: 26,535,000; April, 1928: 28,057,000. 

} Rate per 10,000 inhabitants (monthly average of population) calculated 
On an annual basis. 

{ Provisional figures. 


From a report sent to the Survey through the courtesy of the Reichsgesund- 
heitsamt. 
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probable direct transmissions shows that the infectiousness of 
the disease cannot be very great. 

Epidernic encephalitis has not yet been made reportable in 
Germany, but Table 6 has been taken from a report sent to 
the Survey through the courtesy of the Reichsgesundheitsamt. 

Nine hundred and eighty-six cases reported in the German 
literature have been tabulated according to sex, age, and sea- 
sonal incidence. (Tables 7a and 7b). 


Table 7a 
AGE AND SEX INCIDENCE OF 986 CASES REPORTED IN THE 
LITERATURE 
Sex Age group 

Year /Total Under} —_|10-]2z0-]30-|40-|50-|60-| 70 

Male) Female|N.S.| , yt. 7-919] 29139] 49|59| 69} + N.S 
1915 Dis | ayaa a, (wll es arr (tees cael ee 8 I 
1916 I Jill ie attye ob Garena liter are: al istnall lo-ele I 
soy || as 5 3 7 head (eae seer Ss hae bella ea era levee ler 5 
1918 | 42] 26 14 Ee et seta 2) Sil) aod, SI th” 4 
1919 | 164 | 116 41 7 I F\ 42) 32:|| 36\ 28) 23) 3 3 
1920 | 448 | 271 171 6 I 45|130|107| 93] 46] 16] 4] x] 5 
TOPTOT | 55 35 I I Gp Agi all sal] ey th eal celle 
1922 | 46} 28 1810) 2046 poche 2G) wee 12 Ai ell oad 
1922) le 7O |a38 a7 §. Iacte a3 fl od MUS RSE MH Gh I 
1924 | 19 13 Tie lig tog 5 G2 ree aa 3 
1925 7 3 Besa Ree chad 51) oi rape ae 
1926 5 3 Feeds alleen ee 2 
1927 3 I Ded econgel aurtctsascall 5 EL ae 
INES aya 43 33 reel er eke idle ll wiezal obit a5). lS hector 4 
Total] 986 | 595 | 364 |27 3 78|252|228]2t0|117] 55] 15] 2] 26 
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Table 7b . 
SEASONAL INCIDENCE OF 986 CASES REPORTED IN THE 
» LITERATURE 
ed 
Quarter 
Year 
I II Ill IV NS. 

LOLS ya deers tena lenge ees I 
eH SERB ES EEY Stn OMB chan) 4 toni nt Aare AEINIA 13.0 ore. oic I 
LOT coe ces Mee 4 COR Be Msn ere ce enact 3 
TQ T Siok rouse nate 6 6 3 II 16 
TLOIOE. Hp sat: gi 23 7 26 17 
TOMO. ow where oss 245 85 L7 29 72 
TOD Te ves a cians 48 14 9 8 12 
LOZ saia esr 13 3 6 19 5 
T9923 noes susie: 40 9 8 4 9 
LOZ AR aon: aaa II et ee bere: Bo ah 
EQUG Hes it, shoei ine Dy walt yn At orally a tien ee Ns 5 
TOUGr perp et ees I I 3 
TOVTPide Nate okies | eso genre er pa ee ett en fn epee cr 2h I 
INiSirqiaiecde nce ollllics SOK < Oo | Eadie thls Tae adelaide Olaeeeere cers 77 

Total’ Wn. a: 461 155 53 105 212 

AUSTRIA 


It has been established that cases of the disease now 
known as epidemic encephalitis had been observed and. de- 
scribed in Rumania and in France previous to those reported 
from Austria. To von Economo, however, belongs the 
credit of having brought this disease-entity into prominence 
and of having called it to the attention of physicians, under 
the name of encephalitis lethargica (E 11a). Economo’s 
first description included seven acute cases which occurred 
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in Vienna in the period, January to March, 1917. In other 
articles (E 11, E 13) six additional cases, with onset Jan- 
uary to May, 1917, were reported. 

On February 16, 1917, a cadet was admitted to the Marine 
Hospital in Pola in the province of Istria (now a part of 
Italy). The clinical history of the case is described in full 
by Rozankowski (R 289). The author believes that this 
case belongs in the same group as those described by von 
Economo. He calls attention to the fact that the patient had 
been on leave in Baden, near Vienna, and in Vienna, from 
February 3 to 12, just at the time that von Economo’s cases 
were observed in Vienna. 

Hoff (H 189) gives a very full report of the cases of 
epidemic encephalitis observed at the Psychiatric and Neu- 
rological Clinic (Economo’s) in Vienna, from January, 1916, 
to April 30, 1923. He lists thirteen cases in November, 1916, 
and one in December; seven of the November and four of 
the December cases were observed at that time during the 
acute stage; for the others the date of onset was determined 
from the history: given. Moreover, the author notes that the 
number of cases reported as meningitis increased noticeably 
in Vienna at this time, and believes that some of these were 
undoubtedly epidemic encephalitis. 

A study of incapacitated soldiers with sequelae following 
encephalitis lethargica, was made by Stiefler, of Linz (S 
364) and showed that in one case the acute illness had 
occurred in March, 1915; another soldier, placed in a 
Rumanian prison in December, 1916, developed encephalitis 
in February, 1917. The author states that a case of encepha- 
litis lethargica was diagnosed at the Innsbruck Neurological 
Clinic in January, 1917, and that the onset of another definite 
case occurred in March, 1917, in Trient. 
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A series of 160 cases, occurring in Vienna early in 1920, 
was reported by Redlich (R 40) by age and sex as shown 
in Table 1. 

Table 1 


AGE AND SEX INCIDENCE OF 160 Cases [REDLICH, VIENNA] 


Age group Cases | Percentage Sex Cases | Percentage 

TT Ob re ae coaees 2) 1.8 Male 109 68 
TOO sae 45 28.1 Female 51 32 
ZO Olsuy arene caveat 27 16.8 
BOrAO i eretn ees ten 38 23.7 
AO=5 OMe ee 31 19.3 
5SO=OOh a hinrth oe 13 8.1 
QveimGo aes B 1.8 

Table 2 


AGE, SEX AND SEASONAL INCIDENCE OF 59 CASES 
{KuRZ-GOLDENSTEIN, LINZ} 


Age- Per- 

Month Cases group Cases centage Sex Cases 
Janney II i 10 3 5-08 Male 34 
Fe beena 29 10-20 15 25.42 Female 25 
Mather A 17 20-30 13 22.03 
INP Po wo oe I 30-40 Io 16.94 
IMENTS «3.605 I 40-50 10 16.94 
Steno ater ate Meek bck Ae 50-60 5 8.47 
Palco oleae ee ei oe 60-70 2 333 
tot igh vba al tenets eos 70-80 1.69 
ovale $9 | Waeaee ee SOS Rh Seer aa alone aeccte 59 
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Stiefler and Kurz-Goldenstein (S 366) studied a smaller 
group of 59 cases in Linz and environs in 1921. 

Epidemic encephalitis was not made reportable in Austria 
until January, 1927, so that figures for the country as a whole 
are not available. Hoff’s study of the cases registered at the 
University Clinic in Vienna may serve to show the trend up 
to 1923. The figures given here in Tables 3, 4 and 5 include 
both the cases that were seen in the acute stage and those 
in which the date of onset was established from the history, 
even though the patients were first observed when the condi- 
tion had become chronic. 


Table 3 


SEASONAL INCIDENCE OF EPIDEMIC ENCEPHALITIS 
{1916-23, Horr, VIENNA} 


1916 | 1917 | 1918 | 1919 | 1920 | 1921 | 1922 | 1923* Total 
ACI: cereal ieeeremeare 3 I II 43 13 Il 
ebyeet eso. oe Tie See ws 8 | 477 10 14 3 
IMAC oti. Ties | pare e 16 | 200 26 9 19 
NDEs ere as a I 3 39 4 10 26 
Nayar hes Lh la les ase 2 Here ganttte 5 
June... 5 eed (eo 3 
ALES \rox cee [Pas A Peers ee ge a a el baa eee ae ee 3 
I NUTS nee | We Oe 2) ils are I Be 4 
SCD tart: |. paud 2 I 2 I I I 
(QYELas siecacel aie ORE lean RE 52 
Nov 13 I 64 Saas oe eae? 2h 
Dees 8 I 51 I Seal ieee loc. 
Ocal) 2st 14 | 174 45 | 776 56 60 48 1,194 
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Table 4 


AGE AND SEX INCIDENCE OF 1,156 Cases [HOFF, VIENNA} 


Age Group Cases Sex Cases 
Wp icon sys teeter 17 Male 642 
SHO FBI cola nae 52 Female 471 
LOTLS | net. 123 N.S. re} 
FS DOM TEs eee 183 
DOSAGES Cie ta ee 242 
DISS ON cae ensue eee 202 
BOS3 5) dete stata 139 
Ware) Aka oeos 74 
AGA Ss > a prncbeveen is 83 
0) en eR Ne 19 
5 Onn 5 tee 10 
Wiel | awe ene 9 
60205 "aro 3 
Lot alle rere eh esc: Tis RSC cemmedietl ih te foe ht are kage 1,156 


It must be taken into consideration that only a certain 
stratum of society visits the clinic and that, moreover, we 
are dealing with a city population. With these points in 
mind, Hoff concludes that professional men and _ skilled 
laborers were noticeably affected, and of these, metal work- 
ers particularly so. Even though the metal industry in 
Austria had expanded considerably, the author feels that the 
number of these workers affected is relatively high. 

No evidence of a focal point for the infection was found: 
“The cases were scattered over the whole of Vienna like 
rain.’ In spite of the mass of material in the clinic, there 
was not one case of definite contact-infection established. 
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Table 5 


CLASSIFICATION ACCORDING TO OCCUPATION (MALES) 
{ Horr, VIENNA} 


DEOLESS1 ON SH nT I 28 
Teachers, lawyers, physicians, students, etc. 

Oicial Stree ae eee mee ne eee ton gi aie hs 34 

ManmalsWwOrkerste. sere Se tart sae ch epee nec eels stuck 31 
Tailors, joiners, cobblers, etc. 

Metal-workers....). 0000)... Jp O08 he Ge Sete eae A Ae eae ees ae 133 
Smiths, puddlers, mechanics 

[RUSTE 10S he 98 a alae © otc Oye Okie Canes Ack CEP a i SP 56 

Cianticursuratlroad COMAUCTOUS. CLG. ance asc ats eieg og 37s 7 

longoria (rman Ses) lg fee Bile Ges noes aoe Gace a ane eeene cea a 51 

OLESTGUG Peete Pa ea ent amt pccedegeas ais giclee Siailen dc eiaiss aa fedsie pets ofo ggainy# ee 10 

CHAS. 3% Sava Hl doe orice MADR Ae Acre Orne aan can re 7 

(CaNey SINE, | ke Ware cote ta Pare EAS © Gael Cee Rana ee ARCs emveNT age rie Ages 14 

ea OTChS aeanC ete See Pee Er a OR fo ta don one Goh a nigea de age melee 87 

OuIMEES » en... We CRS Greate: ie Gr PRE SSP IeNne ule aemree art eens gees 33 


Of 265 acute cases admitted to the hospital, 77 (29 per- 
cent) died., 

One thousand three hundred and ninety-three cases re- 
ported in the literature of Austria (including some of Hoff’s 
cases) have been tabulated in Tables 6a and 6b. 
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Table 6a 
AGE AND SEX INCIDENCE OF 1,393 CASES REPORTED IN THE 
LITERATURE 
Sex Age group 

Year | Total ere eee 10-|20-|30-|40-|50-|60- 

ale | Female} N.S. [1-9] 1929] 39| 49| 59 | 69 7ot| N.S. 
Igts I i abt IB eee arte) encactn s I 
1916 abe || 5x) 8 pH he dle Ul il lees ls gle 10 
1917 28 10 Io te A Gi al I 6 


3 
Sha. 

1918 179] 91 79 9 7ed| US| ole aleeite) [aed bo 2} 
7 


I 88 
1919 Agila 2s 22 Al rel HS EN) Bllecull 2 
1920 906 | 487 348 JI | 22)/133]170]143] go] 24] 6)...| 318 
1921 AS |) ety 33 6 Al ale DUP oF SIP aaj ae 56 
1922 68 |. 31 30 TRONS eON HSA Hh Male ON eels oe 60 
1923 52 30 20 vy lsat 24h Mthedi) F4jeeall Sdloealpy ait! 
1924 ps ie Til ren sirerena laces | tereve 2 
1925 3 2 Die | eeeremens Brcko Ge Ball 
1926 Teoh A T? Wiles oes: een beret I 
N.S. 3 5 ae Ae | (m3 | es : 


Total | 1,393 | 730 555 108 | 32/195|233/190|106] 31] 10] 1] 586 
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Table 6b 
SEASONAL INCIDENCE OF 1,393 CASES REPORTED IN THE 
LITERATURE 
Quarter 
Year 
I II Ill IV NS. 

GPRic bo aoa ober I 

QLOGIC Ee bier e | ee eee eA La ASM | gata pete S 21 

EOL jecrar «teas 17 6 3 a 

EQLG tects neh ows I 2 5 170 I 
MOLG ee chee bree 37 5 2 5 

TG2 Ober aiehsty. 5. 03 829 61 ta 9 5 
WO Tite ch staye) soe hs 61 6 A Ni etiyets oxtines 5 
TCp Ibs ee SS RO 40 16 8 3 I 
TOPE A ae eee 24 DIAN tang Poses rate steel ogy meebo ds I 
TGs AR Me Aco yrcx-a cer steers ote veneer ete voc iaer Gos ayero oer I I 
T.O26 oes sc 5) «du: I I I 
LOL Olyemn oe eveleasi I 
NES See ea | yer ltt Se 2 Mets ITN, dts. dhe saul imate leegitie a of 

LOCAL cos sncneihs 1,012 124 25 211 21 
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HUNGARY | 
A few cases from Hungary have been reported in the liter- 


ature and are analysed in the accompanying table. 


AGE, SEX AND SEASONAL INCIDENCE OF 24 CASES REPORTED 
IN THE LITERATURE 


Sex Age group Quarter 
Year |Total Fe- 10-|20-|30-|40-|50- Si quae cor 
Male) jale|I-9 19/2939] 49/59 N.S. Ij IV|N.S. 
1919 I 1 ee Gee es (Pao|| eel eseaies Allee ANA A eeri|la celle Bie spell te ee 
1920 HO) eh F oy aataalll SenpOmilh Sy ||pe2sn | ia a 18 I 
1921 si Pere osc SE Nectaasilte cecil ED Ite lhtters Reo Psecote |e 
1924 2 7a ae seatosainis 2 
N.S. i ae I Pe ee bce ato Gis Oe: een aie | la ok I 
Total PO a Sal) Mercy lias Missa toy piel oer ll org eo) Ie ele ae 3 
DENMARK 


Madsen (M 25) published the figures for cases and deaths 
from epidemic encephalitis in Denmark to the close of 1920, 


and gives the incidence and mortality by age and sex in 
Table 1. 
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Table 1 
AGE AND SEX DISTRIBUTION OF 133 CASES AND 55 DEATHS 
{ MADSEN } 
Cases Deaths 
Age group 
M F Total M F Total 
Winder spyrse. +f. - 3 4 7 I 3 4 
SaglOnViSs. Sy oF. 4 3 7 5 3 8 
to. a 12 8 20 2 3 5 
D2 Ou Pea ae os 19 12; 31 5 6 II 
DSS WO aE ae oe 17 7 2.4 8 fo) 8 
7a a OSS Gee 17 17 34 9 II 20 
Peg a Pes sk. 23 4 27 8 4 i, 
JSC lao Ler 16 I2 28 6 4 10 
BOS e we aaus Blots 15 4 19 5 3 8 
7 tae en ee 3 3 6 3 3 6 
TI ee cite Geet I I 2 fe) I I 
Age not stated... 3 I 4 I fe) I 
MoE IE. Bree ae 133 76 209 55 4I 96 


The mortality rate was 45.9 percent. 


The officially reported cases of epidemic encephalitis in 
Copenhagen are given by Neel (N 34) by years (Table 2). 


Table 2 
INCIDENCE OF EPIDEMIC ENCEPHALITIS IN COPENHAGEN 
{ NEEL } 
NECA Tila «ate eo cyehs « .1919 | 1920 | 1921 | 1922 | 1923 | 1924 | 1925 | 1926* 
Gasesye. ait} < 2 25 4 II 12 17 16 5 


* To July 1. 
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The figures in Table 3 for cases and deaths in Denmark, 
1919-28, have been taken from the League of Nations 
Monthly Epidemiological Reports. 


INCIDENCE OF EPIDEMIC ENCEPHALITIS IN 


Table 


3 


DENMARK BY 


YEARS AND Montus [1919-28] 


Year d| 4a e | g > a. 3 
eral ete ee = <a} A BR 
1919 
Gasesii3| ss.s¥s |beaete | Sie a lon bs leredece | eerers all © 26 
1920 
Cases aye ey |) FE. || as 25 18 | 13 226 
1921 
Cases. 2:30) 3.94 |' olga aired terqeteilts: state eens =| la eters | eeeevs [atciers | tare withers 140 
Deaths i.) Astsge|ises aitl| aie apn erotaeell<velerel artes, evel oa a (aleve ol aeSera| opal || feats 57 
1922 
Casescrer |e Aal\ovcade|paea I pty, ||P ea 42 
Deaths tareiers (scores tareregnl| eneeen| eect ete cat ereeka | erator | peters [cheer (cteeen eketere 39 
1923 
(CAeS.5anl| ee || PR If ae |) 7 2 vel ge 9 
Deaths any Per eit (erie Al bot cvcal fs eapace logan | acrid awaaes| (ectsicna hospenal lee 3. 30 
1924 
(Goes. seal sy] Zh |p ster || 8 SIAL SS 105 
Dea tdas ese] aseqeis|| anes eoy | ovchobe f csetendl | ere | @ cance Wenetenes lene | Peteeeea lieth oxe erecta eee 57 
1925 
CasesseraleL9) | 22m ease 4 TOM| end 150 
Deachise iicsinsitistes, « [/S tv] sccst le setocn [learn eae are | ete eeeltiS Siete aces | setae le ated | ee 
1926 
CAI oth Wy chal lS 5 Seis 72 
Dearchist Alieyet., laters) eins feet eee arate ee peste | eed are | beeeut [ape 65 
1927 
Cases e120 ex6n erGnlero 18 8] 4 116 
1928* 
Or eee ee eral m leas occa oortondiadaclpoeelsn coool. Gy 
*To June 30. 
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Only 10 cases have been collected from literature (Table 4). 


Table 4 


AGE, SEX AND SEASONAL INCIDENCE OF 10 CASES REPORTED 


IN THE LITERATURE 


8G bog Sex Age group Quarter 
M | F |10-19|20-29]30-39]40-49] I | II | III | IV |N.S. 

1918 ge lla BS Weenie SPAR (accor arcs ae ae: I 
1920 4 I 3 I I I ii I 3 
1922 Seed esceai Fag (aren weal haart Filtra Mec src eset d baa I 
1923 I ag erta|oan Decieeste Netae 2 I 
1924 I Fhe Scare ete Eo a ese oes fe vate oa etal cee all Se I 
1925 Lye seta" I Hae) Neweted 2 cot steal as el eye I 

N.S. EP | socks i I 

Total | 10 3 ii 3 4 2 js etc oe he | rene eee 7 


NORWAY AND SWEDEN 


Sporadic cases of epidemic encephalitis were noted in 
Sweden in October and November, 1918 (M72). The onset 
of other cases is placed retrospectively in January and Feb- 
ruary, 1919; but cases did not appear in groups in Norway or 
Sweden until the summer and fall of 1919. 

Two local epidemics in the winter of 1920-21 have been 
studied intensively. Kristensen (K 146) reported an epi- 
demic beginning in November, 1920, in the Royal Upland 
Infantry Regiment and in a detachment of Royal Scandinavian 
Hussars. There were four pronounced and nineteen abortive 
cases, ages sixteen to twenty-two years, all male. The onset 
of the first two cases was on November 28 and 29 respective- 
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ly. These two men belonged to different regiments; neither 
had been on leave for some time previous, nor had had 
visitors. Although both visited the canteen, they probably 
did not know each other. No direct transmission could be 
traced in any instance. The author considers the possibility 
of transmission by bacilli-carriers and believes the incubation 
period to be from eight to eighteen days. The incidence of 
encephalitis in the five counties in the neighborhood of the 
garrison is given as follows: | 


SEASONAL INCIDENCE [KRISTENSEN, SWEDEN] 


1920 1921 


31 212 87 


Kling and Liljenquist (K 81) and (K 66) describe 
an epedemic in Vilhelmina, southern Lappland, occurring in 
February, 1921. The morbidity varied from 7.1 percent to 
45 percent. All the inhabitants of four small hamlets were 
examined. In some families, several members contracted the 
disease simultaneously; in two houses almost all the members 
were affected. There were many light cases. These authors 
found nothing to justify the belief that epedemic encephalitis 
can be transmitted by water or milk, or by bugs, fleas or lice 
(there are no other insects in Sweden in the winter). Dogs 
and cats when examined, showed no evidence of the disease. 
The period of incubation was thought to be ten days. There 
was such a rapid spread of the disease over a wide area in 


two months that it could scarcely have been due to human 
contact. 
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Table 1 


EPIDEMIC ENCEPHALITIS, CASES AND DEATHS IN Norway 
[1919-1928 }* 


g ; ’ = 

Year aa 2 eo) Bol ao feo) Sab Se ee BY 5 
gS aa =e St le ee 

1919 a 

Gasessaee) ex I Emel. ee Ae a Ne me, le 18 21 

1920 —os 

(Cages... Io | se Ally t caleetercllcte eee Aol Sell eter le re) 

1921 

(CASES. Aa] ele Goa) ae el 6 esl acer ee me eae i cael eaten et ee Pet Ie Ge alpaca 

1922 ° 

GEIS ie ae ee aca fue I Chi Cal Oe Crile omlh, 9 ax bl Ga FF 

1923 

CASES. a) 2) Al soy Rech ol oi) om Ow) ey) ser | seo 

1924 

GASES. all Ol ZC) SOA Cel SC) els eri) s@eih™ san eral) vey (ate) 

Deaths. .| o fo) I fe) fe) fo) fo) fe) ol © I ol 2 

1925 

Agee anil 2 4 3 fo) I fe) I I 2 © |e} ol) wt 

Denne...) ©) a) me oum em Soy ua eal -orll on elo’ si 

1926 

(@aseste al 10 2 ii fe) co) || sod fe) @ || Gh.) ae Onl Onl 5 

Deaths: =| <0); © I ol of Ol) of) ol ei oi sel %e 

1927 

(CARE all fo) fe) I fe) a fe) le) I oi) © I 5 

19287 

(Cress Jie, Della Ram RSW aes SMES Pepsico a |e le calle, emit se ed eee ee are em 


* Official reports are for ‘“‘cities’’ only. 


i hoe Miata 3 
From the Public Health Reports and the League of Nations Monthly Epi- 
demiological Reports. 
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Table 2 
EPIDEMIC ENCEPHALITIS, CASES AND DEATHS IN SWEDEN 
{1919-1928} 
ee ee ee ee ee 
6 w 7 Pm vo Loto} o Pay > g 
Yor |S] 2/3 /2/ 3/2/23) <|8|6| 2/4] 2 

Oe 

Gases smelter Rots «| asenenss| locke la cyecaillsy-fetel its sxe8s)| [ance [stare et | herself ctewers lt euse ns 5 
1920 

(CH 6 allie: ou Reel cool neal ben ae loe celece ea lbe call Xr Lee ielpo elt eis. 
Deaths se. seal sehcovel Wee, cred eatery geste’ | coks |g | sae eevee cg ered eee 134 
1921 —— 

Cases... 978 Pe ie |e fore cots [ee arden ea lee myles GRE cc 1,512 
Deaths slice, tits bitin te besll. neath wesley shan diees ieaesalh amie 370 
1922 

(EES) bolls Sellen delaael la ae Perel chere |e Syl Balers 29 aE 45 192 
Dyer ido\Geal ls tet leg oiled al iow ee Bo Rud Pee eal es Pe leek eral ye be ets formeesbal leas? 79 
1923 

Casess.r| 162 154/93. 399) 22) ro) | a5 7) ern Loner lezon ls a6 
OITA ein rales aallaee el oer ligeco| emesis fallen calcio odlfeic ollgsece|e> cal) (each 
192.4 

Cases yan ie325 (63) || 43 25) tec O) [etek || erga aoe ere oom eons eal om 
Deaths. SN et Io Frere te Acdece I al ies Ora (Gs Sai pg AIR teal en ee 119 
1925 

Casés...| 14 | 17 | 22: | 25 ailtei Ne tey Ip || ay | aS Fe || S| aasyes 
| BF | eps Al ies eal ba teas fs Geel ed al Ica. l.o Sl reece leas cial BG AllaB Galle of 106 
1926 

(GEIS ol) meus eh 1 Xo ll age] wer, |] sey Pa fee i] Gel) aS || en] tes || age 
Doeethisialtssacnliesoxtts mxcdero|ieceters| Ceo vel spc ter | samen | ce aeee | emt | eemee | oed 96 
1927 

Gere Tel] Ste) || I) S| tee ay a | Gy ee |) @ | ar) cen] wens 
192.8* 

5G ea || raceel (etc aeien Peel ern le Weal SollOn soll ateallaatl na ollie at 85 


* To June 30. 


From the Public Health Reports and the League of Nations Monthly Epi- 
demiological Reports. 
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The figures in Tables 1 and 2 showing cases and deaths 
in Norway and Sweden for the year 1919-28 have been taken 
from the Public Health Reports (74) and from the League 
of Nations Monthly Epidemiological Reports. In Sweden, 
epidemic encephalitis was made reportable July 1, 1920. 

Eighty-one cases from Norway and Sweden, reported in 
the literature, are analysed in Table 3. 


Table 3 


AGE, SEX AND SEASONAL INCIDENCE OF 81 CASES REPORTED 
IN THE LITERATURE, NORWAY AND SWEDEN 


Sex Age group Quarter 

NAETE Wet a 

SB) al Slat PO Poe pee Loetn.s.| rat | rl rv 

B 1S} S| z |* 9] 19} 29 | 39] 49] 59 | 69 [7S 
1918 2}. 2 Meee lteve een BE ped 2: 
191g gS) adh Si comes 2 e7ilte.3 z a 2 9] 4 
1920 RSY| Vell ail Fills 23 cell] oe S| = eedul eee D : T\13 
1921 uy] sell byl Gl, oul] Th oe} 4 al iy a is al 24| 4 
1922 PS ral (eres eal lace 2 Teer I 
1923 Sil, Zyheeallo-nal leo 5H ee eon [eral Seo rors PA Gul ti 
1924 7ill DWE Pelle as TES eAIEb |: Ae | Stee teed ets nm 
1925 3|. Bipwde lo she I Bi 0 lillian rel crane tata thames 3 
N.S. ca Salle hele egy [epee eel mee een Tile I 
Total | 81] 50] 27} 4] 2| 14] 36] 10) ro} 3] 2) 2) 2 | 35) 23) 12) 22 
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FINLAND 


The incidence of epidemic encephalitis in Finland as given 
in the League of Nations Monthly Epidemiological Reports 1s 
shown in Table 1. 


Table 1 
INCIDENCE OF EPIDEMIC ENCEPHALITIS IN FINLAND 
1920 | 1921 | 1922 | 1923] 1924 | 1925 | 1926 | 1927 | 1928* 
lan, su os tS aetna kame 5 3 6 a 3 
Be bette earners error: 16 29 5 6 I fo) 
Mars ifilises ae cie rae es 5 12 6 5 3 fo) 
ADE tare esate: 4 6 6 ° fo) I 
Maver g. | Scuatecals ceric 2 I 3 fe) 2 ° 
I [eVeteRer ole lero a can ete General locke a oc I 3 7 2 I 
bl wlyesa tailors tcl: AS eee I I fe) I ° 
ATT, eccvalecceared titer cea aac 2) a I fo) fe) 
Septsv senlmescc em ease I I 2 fe) I fe) 
OCT tee ol ecg eee re I 2 2 3 fe) fo) 
INOWshe feet eee I 2 oy I I fe) 
DeGigoten ances laren I 4 8 I a) I 
Motal e239 a .Og5n AO 83 43 31 ii} 6 3 
* To June 15. 


From the League of Nations Monthly Epidemiological Reports. 
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Twenty-three cases reported in the Finnish literature have 
been analysed in Table 2. 


Table 2 


AGE, SEX AND SEASONAL INCIDENCE OF 23 CasES REPORTED 
IN THE LITERATURE 


—_—__SSS>__====a=“”"”xz£=>={=—=—={=={={=={===="""""""""{{{=""_"[_=_=_=_=_————s——— 
Sex Age group Quarter 


Year |Total 
Male|Female|1—9]10-19|20-29]30-39|40-49| I | IL | III] IV|N:S. 


1920 9 5 4 ie || SDE sceeaes||, retell acy liste eas 9 
1921 14 6 8 I 3 4 2 oe GOH a alec a,c 2 
Total] 23 II | 12 7) BS) 5 zy fi a eH voll @) || 2 


In addition, Hagelstan (H 8) reported ninety cases (mor- 
tality 16 percent) observed in 1920-21 in the Maria Hospital 
in Helsingfors. 


POLAND 


The first known case of epidemic encephalitis in Poland 
occurred in February, 1917, and was presented at that time 
by Sterling before the section of Neurology and Psychiatry of 
the Medical Society of Warsaw (S 318). Sterling states that 
several other cases, most of them in Warsaw, occurred during 
the early months of the same year. 

Bychowski (B 481), writing in 1921, believes on looking 
. back that there were cases of epidemic encephalitis in Warsaw 
in 1918 and 1919, although the disease did not appear in 
epidemic form until the end of December, 1919. During the 
period from January to March, 1920, there were several 


t 
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hundred cases in Warsaw, according to this author's estimate. 
He himself saw forty cases in the acute stage, and later added 
to that number twenty who presented residual conditions. 

In March, 1920, epidemic encephalitis was made reportable 
in Poland. The figures for the great epidemic in 1920 are 
given by Sterling (S318) (Table 1). The author calls at- 
tention to the fact that the peak was reached in April, May 
and June, instead of in the winter months, as so frequently 
reported. The mortality rate was 19.3 percent. 


Table 1 
INCIDENCE OF EPIDEMIC ENCEPHALITIS IN POLAND [1920, 
STERLING } 
Male Female 
1920 Cases || Age | Cases ||——— = | 
Group Cases | Deaths] Cases | Deaths 
Years 
[ate Sei aascalaee eee: 1-4 28 
Reb yt atten reer Garul || pigs 
Mat interac ents LOAWE ETS =LO |e 305 
DENG Pee ee: 7300 |hLO- 297 |e OS 
Mayon a. 219 || 30-39 | 244 
June Sac Age 243 || 40-49 | 130 
July sks tt- 83 50-59 83 
AN gers atria ans 51 || 60-69 28 
SCpt. hey cues < 22 || 7o+ 8 
OCE oman 2 
No Vrthrsccue® acre 8 
Dec ei irukterucer 
otal name 154 62a | | eee 1,374 723 128 651 133 
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Neither social nor economic conditions, nor the influence 
of city or country, played a rédle in the development or in 
the gravity of the disease; patients representing thirty-four 
occupations are listed, among them that of laborer, official, 
bank officer, soldier, engineer, student, chauffeur, servant, 
etc. The proportion of the Jewish race affected seemed a little 
high, 526 as against 848 Gentiles, whereas only about 14 
percent of the population was Jewish. 

Six instances of possible contagion are mentioned. 

Observations on 126 cases in Warsaw during this epidemic 
have been reported by Goldflam (G89). Part of these were 
seen in association with other physicians and may therefore 
appear in other statistics. The month of onset was known for 
102 cases. Goldflam’s figures have been grouped in Table 2. 


Table 2 
INCIDENCE OF EPIDEMIC ENCEPHALITIS IN Warsaw [1920, 
GOLDFLAM | 
- g Aula 4 g 4 4 Mortality 
TOL ie alec Age group eration sl eGo fa rate 
a {5} iss) 3) Ee) oO 
One ee fin WAL | cates | os Percentage 
Jan. TON eee indererOgyrs,| Su} a7 alee 
Feb. Soo) ye TODIONS aIRAOn leo tina 
Maree |@2'5er| RS es Open AT a5 a6 
Apr. AL | 34 GE SIG TS ted |G 
May Go| seer OT af le Selle 
Se A Sie GS 
Over 60 “ I 
Total |102 | 13 eS) | AT | Lie |p awe, | ein rte) 
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Direct evidence of contagion was not obtained; however 
three instances are described in which there was a possible 
transmission from one patient to another. 

In a second article Sterling (S319) gives an account of 
events in Poland after 1920. Sporadic cases occurred during 
1921. In 1922 there was a new outbreak, and it was noted 
that it began in the month of August. Shortly before the first 
cases occurred in Poland, there were reports of the appearance 
of the disease in Alsace, Lorraine and Westphalia. Most of 


Table 3 


INCIDENCE OF EPIDEMIC ENCEPHALITIS IN POLAND {1922- 
23, STERLING} 


1922 Men Women Infants Total 
Mia yee neee rere 15 3 ° 18 
HALLE) eee geet ees 17 12s 2 a 
Julysee 2: ease 4 8 fe) 12 
ANUS Shae capes ee 46 32 3 8x 
Septet. saris 59 44 5 108 
Ota. ieee eee 23 20 2: 45 
NOV racine beets 26 25 3 54 
IDB EG Stokoe dan a2: 25 I 58 
‘LOta ie epenaetie 222 169 16 407 
ws) 
A |csotenemecinie s saaeeres ec 37 37 I 75 
Bebe txoche Be oes 68 54 4 126 
Mart cohen ree 38 35 I 74 
7340) eee Cea oe 20 7, fo) 37 
otal ospcten 163 143 6 pues 
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the cases occurred in the northwest part of Poland, and this 
new epidemic seemed to have been a little delayed in other 
parts of the country. This would indicate, Sterling believes, 
that the epidemic traveled from west to east in Poland. No 
further determinations on the contagiousness of encephalitis 
were made, although one instance, observed at Warsaw, 
showed a probable transmission from a mother to nursling and 
to a servant. 

The figures for the incidence in 1922 and 1923 are given 
in Table 3. 

In addition to the groups described above, only twenty- 
seven cases have been collected from the Polish literature. 
These are tabulated in Table 4. 


Table 4 


AGE, SEX AND SEASONAL INCIDENCE OF 27 CASES REPORTED 
IN THE LITERATURE 


Sex Age group Quarter 
| 
Year |Total pes 10-|20-|30-|4o- i" 
Male} male|t—9 19129 |39| 49 NESS oe LE Tt N.S. 
Ci] er i ere ee vee hs I 
1918 Tige| apes I 64 see 21 as hs deal fee ot haacarcl on ab |b Bae I 
1919] I Fie alo speed ad | ese lics-teal sets | rane creer | seen | (soe ac I 
1920 | 18 | 10 IS Aa NS eae hl Teak ae oeealional| 
Gp | od I I I I I ae Ae 
TG pee I Ge Ne coals I I I 
Tgp || it Ea DM tarsal lee eects sil rpeeel| supa Led 
NESs |e E Til (Merc & Seal ete ieee facevell | Ul Aeeerel eemeemeloteaceetl(are eter] = cast] cl 
Total] 27 | 15 me WG Gy eS es el) nite | a | aN Ge" leet 
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CZECHOSLOVAKIA 


In April, 1917, a woman from Kladno, near Prague, was 
admitted to a medical clinic in Prague. Pribram (P 214) has 
given the history of the case in detail; he believes that he 
established the similarity between this condition and that 
described by von Economo, and that this was a sporadic case 
of encephalitis lethargica. 

Later, Herrmann and Wotke (H 150), writing in 1925, 
observed a case of Parkinsonism in a man then twenty-five 
years of age, and made a retrospective diagnosis of epidemic 
encephalitis, with onset in 1917. The patient had been serving 
in the army at that time. 

Jaksch-Wartenhorst (J 22) has reported the cases that 
came under his observation in Prague. He saw 36 acute 
cases distributed as shown in Table 1. Seven of these were 
fatal (3 Male, 4 female). The highest morbidity was in the 
age period from 16-20 years. Up to December 31, 1922, this 
author saw 100 chronic cases (55 male, 45 female). 


Table 1 


INCIDENCE BY MONTHS OF 36 Caszs [| JAKSCH-WARTEN- 
HORST, PRAGUE} 


—————_—_—_—————__—————————— 


ees 1920 1921 1922 1923 Total 

ons Cases Cases Cases Cases Cases 
Janene yarn cent 5 ip OTM Sere tes 2: 8 
Reb ehosemeracs 12 On Pilcmece eet 4 16 
IME a A exo aie 2 Cov alien, eenetcaetca 4 9 
ADE ect aes 2 O.) Wis aovaceetne fe) 2 
i] Min eae eee oad eres ice ° I 
Totals eee 25 I ) 10 36 
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The cases of epidemic encephalitis observed at the Czech 
Medical Clinic in Prague from 1919 to 1928 have been 
reviewed by Syllaba and Henner (S 401a) who believe that 
the first sporadic cases in the country occurred in 1918, but 
escaped attention until studied for chronic ailments. The 
epidemic began in 1919 but did not assume prominence until 
January, 1920. Statistics for the country are not complete, 
but the authors estimate at least 1 case to every 1,000 popu- 
lation for the nine-year period, with a total of 10,000 or more 
cases. 

In all, about 1,000 patients were seen at the first Czech 
Medical Clinic. The greatest number of cases developed in 
the winter months. In no instance did the acute onset occur 
in June, July or August. The cases were about evenly divided 
between the two sexes. 


The greatest age incidence was in the period between six 


Table 2 


AGE, SEX AND SEASONAL INCIDENCE OF 39 CASES REPORTED 
IN THE LITERATURE 


Sex Age group Quarter 
Year |Total —__________ 
Male} Female|ro—19]20-2.9]30-39|40-59|N.S.} I | II} IL) IV|N.S. 
spe. Ih 5 I I I “5 caterer eed alt Sulacedlipoeil ee 
pds) | Bd ean eR el eeaiver TAP ege taltees ort: pee leslie cal ec! S| gut 
EQUON 2.80) LE 1 3 | 9 3 Al, Pil 3 2 
1921 6 3 3 3 Te le ties I Dyed ie (en 
1923 I Tie || Sretarns ohne [torte [eget lke = I I 
1925 I T.” | as cetseyrertiliatsyers Te Aellberey esd iets I 
Total | 39 | 18 21 Fhe ks 9 5 2) [push AM ae] safe 2 
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Table 3 


INCIDENCE OF EPIDEMIC ENCEPHALITIS IN CZECHOSLOVAKIA 
BY YEARS [1922-28] 


Year rg2z | 1923 | i924 | 1925 | 1926 | 1927] 2926" 
Gases recea- ares 150 366 97 189 54 Jo 
Deaths pease ce: ede 116 33 43 mi 150 34 


* To June 30. 
From the League of Nations Monthly Epidemiological Reports. 


Table 4 


INCIDENCE OF EPIDEMIC ENCEPHALITIS IN CZECHOSLOVAKIA 
BY MONTHs [1923-1927] 


Year ae Salat lee phe arcs be Ble 5 g|§ 
ee) ete ee fe ee eee) een, er ee es 
ne 
Cases....] 70 |t00 | 85 | 44 | 14 | 18 | 6 3 |) Gi 4eiear 366 


Deaths ei 2s ses 7a | 188 | as) ie Galeton On ene Sale a 3 5 | 116 
1924 


(ERE oael| A Ghlibaiek Pokey | Ge PE er Pe ap le) ANY shy) 
Desh OM Gy Gf se ee Ae) al pe tl ee | Ze || a 
1925 : 


Cases i. (|Pr4il| 2265, || dour ate ||: Pot era ene lew Oylleee | stone | an eESo 
WLM DSc) heal) meri welt arney Wb rin small agp Ih Sethe med uel oealles ae) ae 
1926 


GES amv | moe A MS |p 6) teh] 5 PM Bly eel teh Bh. set 

Deathisss | 2e\eeer |) 2) lies ered ones erg) eer Tye) Ge) eee ewraet 

1927 

Gases ae #32 ee oll aes a cae R26) sya, Geda 1G} Die 70 
ved Cee ———— ————— 

Deaths. . 61 30 33 26 150 


From the League of Nations Monthly Epidemiological Reports. 
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and thirty-six years. No patients were over sixty years of age. 
In only two instances was there any possibility of contagion; 
the first was that of a married couple, the second that of a 
physician who treated another physician suffering from en- 
cephalitis. 

Epidemics of greater or less severity occurred each winter 
from 1919 to 1925. No new cases were seen between Octo- 
ber, 1925 and October, 1927. Each epidemic was preceded 
by a short outbreak of epidemic hiccup. 

Thirty-nine additional cases from Czechoslovakia, reported 
in the literature, are tabulated in Table 2. 

The figures in Tables 3 and 4 have been taken from the 
League of Nations Monthly Epidemiological Reports and 
show the incidence in Czechoslovakia by years for the period 
1922-28 and the incidence by months for the period 1923-27. 


RUMANIA 


Apparently the first case of encephalitis to be reported dur- 
ing this epidemic was observed at the Marcutza Hospital, 
Bucarest, Rumania, May, 1915. An account of this case was 
published in 1916 by Obregia, Urechia and Carniol (O 6a) 
under the title ‘“Encéphalite hémorragique avec un diplo- 
coque encapsulé.”’ 

Urechia (U7) makes the following statement. “In re- 
viewing a study of the histories on the service of M. le Pro- 
fesseur A. Obregia, I found in the month of April a case of 
the myoclonic type and another case of the lethargic type with 
an acute course in the month of May, 1915. We published the 
second case in the review Spitalul together with MM. Obre- 
gia et Carinol. We pointed out the perivascular infiltration 
and predominance of the lesions along the ventricles. In the 
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illustration which accompanied our article we indicated the 
cellular inclusions which I described that year in a note ad- 
dressed to the Société de Biologie. On the same service of 
M. Obregia, I made, during the years 1915-16, three other 
autopsies of hemorrhagic encephalitis which, according to the 
examination made again this year prove to be also those of 
epidemic encephalitis.” 

The two cases above-mentioned and eight others, all with 
autopsies, are described in the article quoted. In all, 89 Ru- 
manian cases have been collected from the literature (Table 1). 


Table 1 


AGE, SEX AND SEASONAL INCIDENCE OF 89 CASES REPORTED 
IN THE LITERATURE 


Sex Age group Quarter 
Year | Total meee, 10-|20-|30-|40-| 70 

ale | Female| 79] 19] 39|49| + N.S.| I | I | HI} IVjN.S. 
1915* 2 I I eal ep eale aes Alea 2 
1918 I Do eceanalnag | rae area Veter I 
1919 3 2 I 2 I 3 
1920 61 31 30 10/22: eG | 7 |! aan |) 9x21! Fazal es 
1921 12 9 3 Tae 6) sha! I F\ve 21 2 
1922 5 3 2 I I 2 Hire) 2 
1923 I Ty Bil nen pente They ceils pellighanlltger alter I 
1924 I pial Ree cheaohsc | eee I I 
1925 Teale ate I 1 feed wala eee SP 7, cH bc [ere I 
N.S. 298 eee 2 Ei 2c ac fis aks eats [isnoe ee lteaccel earliest levees 2, 
Total | 89 49 40 2313.40 3} 209) 0e2 ee Se 37a 20 o|) BO 


_*Urechia: Arch. internat. de neurol 2: 65, 1921: Ten case histories 
given, some traced back to epidemic of 1915. Compt. rend. Soc. de 
biol. 85: 581, 1921: In May, 1915, author reported the first case of 
encephalitis in Bucarest. 
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The figures in Table 2 for the incidence of epidemic enceph- 
alitis in Rumania have been taken from the League of Nations 


Monthly Epidemiological Reports. 


Table 2 


INCIDENCE OF EPIDEMIC ENCEPHALITIS IN RUMANIA BY 
MOoNTHs [1925-1928] 


uy : > ) o S 5 
Yor | 8] 2/2/2/2/3/2/2/4/8/ 2/42 
HES) 
Cases asa rade. oe 20 4 2a rae es a On enOR EO. 36 
Mea thsret aes n|sen: CIOg Pipe Sal Pa el FEA eT ane Neca Pte Bn eke || ee 
1926 
(Cascsncmr |e) mleleeex |) 1. | met || 2 3 | it © 9 
DAB. 6! Cie Ot OQ} Cal S| 2s | Cl eeilh rll Cal, Cll xe I 

9 
1927 eS 
Gascsentt ON eCOr eOUl ees ue mull Olle Tallon iit glee 4a eats | aT 
Deathstys|s.09| 10) | Poul Ss... 4a teas |eeees|oeralSaee | aan > |samet sare: 2 
— = Se a ae 

2 
1928T 
(Gasesm eee an err gill ee. cc PA Mteilenncee|yeiter || Rated chee moet |ensaee | state Sls at 7 


t Up to June 16. 
From the League of Nations Monthly Epidemiological Reports. 


BULGARIA 


Only a few cases from Bulgaria have been reported in the 
literature, as indicated in the accompanying table. 
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AGE, SEX AND SEASONAL INCIDENCE OF 19 CASES REPORTED 
IN THE LITERATURE - 


Sex Age group Quarter 
Year | Total 

Male | Female|1o-19|20-29|30-39|40-49| I | II | II] IV|N.S. 
1919 LS ee: Speer ie Beaoe am | ee ale I 
1920 14 TAQ sles: 3 6 z Bray) Ghali 3) eee Het ae 
1923 2 I i Ie are I Leg orga: e siclhS =. Sl aueel rete 
1924 2 I al (Cac I Bente mp set (er ee 
Total e195 16 3 3 9 4 3 7a 4 Ie.) Sab 


The League of Nations Monthly Epidemiological Reports 
give the following figures for 1924-27. 1924: 146 cases were 
treated in the hospitals, mostly during the latter half of the 
year. The disease was not previously notifiable. 1925: cases, 
67; mortality, 13 percent. 1926: cases, 12; deaths, 6. 1927: 
cases, 9; deaths, 6. 


RUSSIA 


According to Pappenheim (P28), cases of encephalitis 
lethargica were observed in Russia, first in the Ukraine in the 
fall of 1919, then in central Russia in the fall of 1920. 

The first publication from the Ukraine, Pappenheim says, 
was by J. Raimist in Odessa. Raimist reported 52 cases 
observed in the period from November 23, 1919 to. January 
9, 1920 (with 40 additional cases by March 17). Of these, 
23 were males, 29 females; 42 percent came within the age 
period 20-40 years; the mortality was 17.3 percent. 

Forty-six cases were reported by Heimanowitsch in Charkow 
(also in the Ukraine), from the middle of November, 1919 
to the end of February, 1920. Eight (18 percent): were fatal. 
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Fleischmann’s observations in Kiew (in the Ukraine) are 
also quoted by Pappenheim, but no figures are given as to the 
number of cases. 

In central Russia, where encephalitis first appeared a year 
later, that is, in the fall of 1920, the epidemic did not as- 
sume such large proportions, at least, so far as the experiences 
in Moscow would indicate. Pappenheim gives a brief summary 
of the reports from Moscow. Tarasewitsch reported 22 cases; 
ages 16 to 65 years; mortality 25 percent. Other writers 
reported individual cases, but no complete review of the 
epidemic in Moscow in 1920-21 was known to Pappenheim. 
Kononowa is quoted in the report of the pathological findings 
of a woman with encephalitis who died in the fourth month 
of pregnancy. The embryo showed characteristic changes in 
the gray matter of the third and fourth ventricles and the 
aqueduct of Sylvius. 

An epidemic of encephalitis in Moscow, 1922-23, has been 
described by Margouliss (M 74). Forty-two cases were seen 
at the Clinical Institute (Table 1). Six were fatal (14.3 
percent). The ages were from seven to forty years. 

These patients were with others in the ward for nervous 
diseases, but there was no instance of contagion. 


Table 1 


INCIDENCE OF EPIDEMIC ENCEPHALITIS IN Moscow [1922- 
23, MARGOULISS } 
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There were also cases in other clinics in Moscow, bringing 
the total to 123 for this epidemic. 

Later, Margoulis and Model (M 79) gave their findings on 
fifty cases observed at the Babuchin Hospital, Moscow, during 
the years 1926-27 (Table 2). 


Table 2 


AGE AND SEx DISTRIBUTION OF 50 Cases IN Moscow 
{ MARGOULIS AND MODEL} 


Age Group 
Under 20 yrs. | 20-30 yrs. | 30-40 yrs. | 40 yrs. and over | Male | Female 
7 21 16 4 34 16 


The epidemic of lethargic encephalitis reached Western 
Siberia in the autumn of 1919, according to Skalsky (S 234a), 
and reached its height there in 1922 to 1924. 


Table 3 
INCIDENCE OF EPIDEMIC ENCEPHALITIS IN Russia [1923- 
1928} 
Year | -d|-o1 81 8.) @oe ea See Bel coulrosal 
es eee eee eleee 
10) 3 aN Net ceg fears | (Ses A [ta cru] [Pas S| lose al [eke tered fee ce 78| 92] 62} 61) 960 


1924 146] 147] 184] 147] 138! 157] 252] 130] 27] 119] 123] 180] 2,076 
1925 169] 142] 251] 212] 263] 214] 217] 164] 195] 190] 128] 125] 2,132 
1926 235] 270) 267] 119} 142] 136] 156] 124] 141} 83] 115] 115] 2,362 
1927 136] 107] 173] 110] 127] 109] 106] 100] 86] 89] 82] 70} 1,296 


* To February 29, 58 cases in the Ukraine. 
From the League of Nations Monthly Epidemiological Reports. 
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The League of Nations Monthly Epidemiological Reports 
give the figures shown in Table 3 for the incidence of epidemic 
encephalitis in Russia from September, 1923, to February, 
1928. 

Reports of only sixty cases have been collected from the 
literature. These have been analysed in Table 4. 


Table 4 


AGE, SEX AND SEASONAL INCIDENCE OF 60 Cases REPORTED 
IN THE LITERATURE 


Sex Age group Quarter 
Year | Total 10-|20-|30-|40-]60-— i tee 
Male | Female|1—-9 19129139] 49| 69 I IIIj [Vj N.S. 

1919 7 5 2 Sele oll) we salposill waa, vil gal Al 
1920 II 4 7 iil ail lh alee Al adh, Gall) will) ox 
1921 15 9 6 dl) eal OGL eal tot Bez e Si ile 3, 
1922 5 3 2 Sele eal ell tale al) dice A) eal 
1923 10 9 I 22) ee ae ee oat’ Se a) 33 
1924 4 AMEN, eects | baste |e | ar a 

1925 5 of 30 Pelee eee ze ih call S/o eailf Bal 
1926 2 PLA ||wooroor 2 ae 2 
N.S. A fa[ Bo a anes I iif < aid ote eee rae I 
Total | 60 38 22 4] ro} 30] rx] 4) 1) 13{ 12] 9} 13] 13 
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GREECE 


Dr. Caryophyllis of Athens observed two cases of epidemic 
encephalitis in October, 1918. A description of these cases 
has been given by Netter (N 47). 


Triminakis (T96) reports six chronic cases, in two of 
which, one in Athens and one in Mytilene, the acute onset 
occurred in 1918. 

The epidemic in Greece, according to Cawadias (C 72), 
began in January, 1920. He offers no suggestions as to the 
method by which the disease may have been introduced into 
the country, and gives no account of the course of the epidemic. 

Reports of only eleven cases occurring in Greece have been 
collected from the available literature (Table 1). 


Table 1 


AGE, SEX AND SEASONAL INCIDENCE OF 11 CasES REPORTED 
IN THE LITERATURE 


Sex Age group Quarter 

Year | Total 

Male | Female|10-19]20-29|30-39] 50-59] I | II | II) IV|N.S. 
1918 4 3 I 2 2, Ihnen terres Real peale eels PS 2 
1920 3 oh, hae oem Tamla 25 A Bees 3 
1921 I 1 alee Ee |e tales easel eer etal seb ctrl eet ae 
1922 saan | Poe eae Tgp dle ethers Zu Uae weno) crete Bele tee | ale 
1923 2 I I Eaters al: ee re ie I 
Total | 11 8 3 5 a 3 Real eA elec enc eal eed 


The League of Nations gives the following figures for 
cases and deaths from 1923 to 1928 (Table 2). 
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Table 2 
INCIDENCE OF EPIDEMIC ENCEPHALITIS IN GREECE [1923- 
1928] 
————=—Ee=e=EeEeEe=EeEe=e_=_eeeee_e___S 
Year Cases Deaths 
LOZ GR Selene a AES ae eae Ne Sa 40 
Reb eae ral a. cere es 23 
Marin. 2aWet.. b/Seaeten. 39 
ADE Swiss evens leas se 18 
May 00th. ae acai ees II 
une AO daniel act cee I 
TG 2A ec Paros ope | batty Gol acs, Seyaxoshuc ll cick Ege et hllcgexgeee 2 
TE OS BS een se caw | pode Uo tn eee, |e setae 10 
TASPH SoS ah 1 A eee Rees ea an fa Fa I 
GPL b cs ate any Ese OG eee ar a ne 3 
1928* 
* To June 15. 


From the League of Nations Monthly Epidemiological Reports. 


SPAIN AND PORTUGAL 


Spain —The ‘‘Meningo-encephalitic epidemic’ began in 
Spain in the winter of 1919-20, according to Maranon 
(M 65). There were one hundred cases in Valence and fifty 
in Madrid, with smaller numbers in other localities. Although 
some cases occurred in close proximity to each other, no 
definite case of contagion could be verified. The death rate, 
ten percent, was low. 

Fernandaz-Sanz (F 27) reported twenty-five cases that had 
come under his observation from the middle of December, 
1919 to the end of February, 1920, and made the comment 
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that the disease had spread over all parts of Spain. Ten of 
his patients were from Madrid, and one each from Avila, 
Toledo, Ciudad Real, Caceres, Murcia, Granada and Almeria. 
Of these seventeen cases, eleven were men. There were three 
deaths in the group. The contagiousness of the disease is 
discussed in a later article (F 28a). Two of the author's 
cases seem to show possible contagion. A mother, who had 
nursed her daughter during the first five days of the latter's 
illness, was taken sick fifteen days after the onset of the 
daughter’s illness. 

Portugal—aAn account of the early years of the epidemic 
in Portugal has been given by Jorge (J 60). The first reported 
case was seen in Lisbon in February, 1919, by Assis Lopes: 
and Cancella D’Abreu, and was described in A Medicina 
contem poranea, May, 1919. 

By March, 1919, only seven cases had been reported in 
Portugal: these were from Lisbon and two were fatal. At the 
end of 1919, another was seen at Ponta Delgada on Ile S. 
Miguel. Early in 1920, Professor Tiago d’Almeda reported 
two cases at Porto. There was one case at Beja, and Geraldes 
Cardosa saw one at Castello Branco. 

Epidemic encephalitis was made reportable in Portugal 
beginning June 1, 1920, but the peak of the epidemic of this 
year was in April and May. “All districts were affected; from 
north to south, the territory was invaded by the infection. 
Cases appeared suddenly without zones of confluence nor 
avenues of propagation. All at once invasion of the communes 
contiguous to Lisbon was reported. In every locality there was 
the same phenomenon of dispersion; cases appeared here and 
there, scattered through the population without visible con- 
nection or preference for localization.” 

However, the total number of cases reported was small. 
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At the most there were two hundred up to December, 1920. 
The actual figure was thought to be higher, counting benign 
cases unrecognized, and cases not reported. 

In a series of 65 cases observed in Portugal, 20 were fatal 
(30.7 percent). Inclusion of benign or abortive cases would 
render this percentage lower. 

There was no difference in the incidence in town or coun- 
try. No social or professional preference was observed. 

Fifty-eight cases reported from the literature of Spain and 
one from Portugal are grouped in the following table. 


AGE, SEX AND SEASONAL INCIDENCE OF 59 CASES REPORTED 
IN THE LITERATURE 


Sex Age group Quarter 

Year § Un- 

Fl Male| Fe- |N.S.} der |x-9]207]20-[3°4&-|5-] 1 | 11) ILI] IVIN.S. 

male ryr.| | 29/29] 39] 49} 59 

Spain 
1918 | AMT ome seat ahah dill neces I Bid bee: 
QE QMMMEL lie Tae diye eed |9-78 cil ors eee eT: I 
1920 | 32] 20 27a Eee eee ee Gia eS |etOl Ne 7 hee 81 |e 2) or 
1922 Ae ae ri vil eee 2 1] 1 2 
LQLGMI MLL Nite ae |lsccee (lee os: a I 
rigsyuit |! ue) Yala Far |r 3 wale ia) og 
BGQ25 [Pera 1 ENN UA hes, Fi oot I 7 eel 
N.S. | 13] 4 6 a tonto Sl Glee ae Bath a2} 
Total} 58) 35 20 3 I Sipi2: ecole CS ele a | eo. es es lO 
Port- 
cays, || oxi Sie” OS Ree ee aera ees) eae Io 8) fei. [bets I I 
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In a case observed by Novaes and Sousa, an infant was 
born with myoclonic convulsive movements similar to those 
of the mother, who was suffering from epidemic encephalitis 
at the time of delivery. The myoclonic movements of the 
infant decreased and disappeared in five days. 

Another case of possible contagion is quoted from the 
description of Cancella d’Abreu. A man living in Amadora 
(a suburb of Lisbon) had visited one of his parents, suffering 
from encephalitis, five days previous to his own illness. 


UNITED STATES 


The first case of epidemic encephalitis to be reported in 
the United States was observed by Josephine B. Neal in New 
York City in September, 1918 (N 21). In October, 1918 four 
other cases were reported in New York by Neal (N 21), one 
in Iowa by Ely (E 32), and one in Camp Lee, Petersburg, 
West Virginia, by Pothier (P 201). During November, addi- 
tional cases were reported in New York, one in Chicago by 
Bassoe (B59), one in Texas, and one in Louisiana by H. F. 
Smith (S 243). 

H. F. Smith, in his study of the outbreak in the United 
States during 1918 and 1919, found that there was a gradual 
extension of the disease from east to west; the peak in New 
York City was reached during January, 1919, in Virginia 
during February, and in Louisiana, Illinois and Texas during 
March; whereas in California more cases were reported during 
April than in any other one month. 


Unrecognized cases may, however, have occurred in the 
west at an earlier date. In 1921 and 1922, Richards (R 108) 
observed sixteen patients in San Francisco with psychotic 
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sequelae of epidemic encephalitis. The initial illness in six 
of these cases was thought to have occurred during the period 
between September and December, 1918. 


Tables 1 and 2 are taken from the above-mentioned report 
by H. F. Smith. 


Table 1 
OCCURRENCE IN THE UNITED STATES 


NUMBER OF CasES REPORTED FROM EACH STATE, SEPTEM- 
BER, 1918, TO May, 1919 


IMASSAGHTISCEES em etnias =e - 4 p LOUISIA DAM eee kaa tect hee rae 26 
Connecticut Apmeecs. ues a: see I DCX AS eeu nten sew tee sccte ges ees 8 
INeweHampsbitcys-cn-q-.54" 2 DATICANSASE eck imme tga 5 
Rulrodes! sland tests ree I MUS S OUR wet ee aceucte Ace I 
BING WaVOLK Meant datos: 43 LOwa stern thr etre ae ri 
peciasViLvatlia yas at cameo, 3 OkJahomay nee ern a aie 3 
Aiirpasoyiehe 2 EER de ee eee 25 SLUT 15 ce cere eer acne never atore 88. 
Wenmessceruee ese 4 FOR Oe mer tr tat ren te ee ee 229) 
INogsh) @arolinay tm. ease oc. 5 Galiforniat eae. Sieereeien 3 9 
FSouthaGaro Limam ures ieleee pati: I *Republiciof Mexico.......2.. I 
(GRICE, «mec Ge SOR Ds a 
PAN aly eit Th ene Se ae, ce I Motaliteponter een erent 155 


The States with an asterisk (*) are those in which intensive studies were 


conducted. 
From Smith: Pxzblic Health Report 36: Part 1, p. 215, 1921. 


The chronological incidence of 153 cases investigated in 
the nine states in which intensive studies were carried out is 
given in Table 2. 

The world-wide outburst of encephalitis in 1920 and the 
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Table 2 


EPIDEMIC ENCEPHALITIS IN THE UNITED STATES DURING 
1918 AND 1919, By STATES AND BY MONTH OF ONSET 


Number of cases by months 
State 1918 1919 Total 


Sept.|Oct.| Nov.|Dec.| Jan.|Feb.| Mar.|Apr.| May 


News York erne: I H fy 4 Gr eon arcane, pial! be 42 
Ulinoigae 2 ory 4/2 ee lee. I mul F FON ETSE | e216 Fa 3 65 
Voutsianaye- ease |aoceeee TEA) eye 2 7B || 327) Eee 2I 
ONS atte cect creme [ene err laeer I I 3 Toate 8 
Wirsiatar ese: las esdl cup oll sheee CBA eee Pe al Pee Wea [real heroes c 9 
ODIO ee tears || veers | aaa A A 8 Fae aes ee te ete 3 
Bennisyl veil arctic omar) staal etre aloe leer | ete Bd Micashos| Mena 3 
South @arolinatesrs |e tae | aces seer sete eer soils jee I 
RepublicofiMexico| cdl: 9: |qesal int irene ieee lene Fa lrapes I 

otal eee I ByalhedrA will tee I oaey CES IP Gee [eR PG llega. 


From Smith: Pxblic Health Reports 36: Part I, p. 218, 1921. 


yeats following was reflected in an increase of cases in the 
United States, the peak being reached in this country in 1923. 
The figures in Table 3 have been taken from the United States 
Public Health Reports, from the League of Nations Monthly 
Epidemiological Reports, and from the Bureau of Census 
Mortality Statistics, and while the reporting of cases was 
evidently incomplete and the data presented contain many 
inaccuracies, this table is all that can be offered to indicate the 
course of the epidemic in this country. 

Tables 4, 5 and 6 give the incidence of epidemic encephali- 
tis as reported in New York State, New York City and 
Chicago, respectively. 


Table 3 
EpmeMic ENCEPHALITIS IN THE UNITED STATES [1918-28}* 
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Table 4 


EPIDEMIC ENCEPHALITIS, NEw YORK STATE: CASES AND 
DEATHS, BY YEARS AND MONTHS 


Year 


1921 


Cases... .. 
Deaths. . 


1922 


Cases... 
Deaths. . 


; 1923 


Cascse.e 
Deaths. . 


1924 


(Gasesenen 
Deaths. . 


1925 


Gasestee 
Deaths. . 


1926 


Gases. an: 
Deaths. . 


Uopey/ 


Cases... 
Deaths. . 


1928 


Gasesnaer 
Deaths. . 
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62 
51 


From N. Y. State Monthly Vital Statistics Review. 


Table 5 


INCIDENCE AND MorTALitTy OF EPIDEMIC ENCEPHALITIS 
New York City [1919-28] 


meee pola i Ae 5 
Yor | 8/2] 3 | 2/8) 2/2) 2/5/68] 3) 8] 2 eset 
Hep ; ; 
Cases. +. Slee Lele 25 |) Hol c6/P al) S21 Si) 23 9) 118 
Deas ee tr oO) bert 5) Palette Mees! (Zi ae zl P34 29 
1920 é 
Cases...| 36] 149] 116] 66] 42] 20] 39] 28] 22] 12] 12] 24] 573 
Deaths..| 12} 75] $7] 30] 28] 13] 12] 5| 6} 4] 8] 12] 260 45 
1921 
Cases...| 61] 195] 77] 29] 40] 22] 29] 12| 27] 9] 12] 16] 528 


Deaths..| 25] 24} 42] 19] 21] 16! 15! 6] 13] 7] 6] 6] 194 Baa 
1922 


Cases....| 14] 29] 85196] 93] 49] 20] 36] 24] 27] xz] 27] 611 
Deaths..| 15] 12} 24} 45] 20] 19] 12] 19] 14] 8] 3] x1] 204 33 
1923 

Cases...| 56] 274] 247] 97] 54] 40] 27] 41] 13] 22] 28] 25] 923 
Deaths..| 15] 73! 77| 34] 34] 22| 14] 2z/ 18] 14] 20] 6] 349 38 
1924 

Cases...| 22] 24] 51] 60) 57] 29] 18) 32] 27} 37] 58! 50] 465 
Deaths..| 16] 17] 16] 29] 26] 21] 15] 12] 26] 16) 24] 28] 247 53 
1925 

Gases! 4.) ) 49] | 42) 30) 2.3) 22.1222!) 13] 2'9] 2:3), 33/20) ar) 327, 
Deaths..} 25] 17} 20) 19] 13} 14] ro} 18} 12] 13] ro} rz} 185 57 
1926 

Cases. /.| Jo} 26| 46] 30] 25/-34) 24] 25] 17] ra) *11| 18) 297 
Deathsys|i) 13 ||) Zul) 1924!) 23) mx) 15) 20) F4) 13) ig) 11) 1183 62 
1927 

Gases. 9.) 20) | 23) 24) 20! 30) 14) 16) rr] 16) 23/19) 16) 232 


Deaths..}| 19} xo] 16] 18] 12] 14} 16] ro} 16| x1] 7) 12} 161 69 
1928* SS OS 
C@asesp. 105 

Deaths. . 63 Deamon. <aleake 60 


* First 6 months. 

From the City of New York, Department of Health, Weekly Bulletin, the 
New York State Monthly Vital Statistics Review and Jordan, Epidemic En- 
cephalitis. 


Table 6 
EPIDEMIC ENCEPHALITIS, CHICAGO [1919-28] 


5 a ~ v 3 a > | ‘g 
Year | a} 2] 3| 2/2] |S] 2] | 6] 2] 4| 2 
oe) 
Gasesaace|mr 27 2 fo) si |) ajay Se 9 | 16 | 69 
Deaths’. ail So: One sal Fe fo) (o) Bille Seay 2S 
1920 
(Galsesirrer)| tn ez) |e Sa eae | On| mS I I 6 | 0} 7 5 ‘\u90 
Deaths). (209) st jaeSuier Gat ea: oe EA be Beal p Ae: 
1921 
Orgone! eee ae |) Ay A Mae Gl el) Gl wil) ae, @ IG 
Deaths:.| E5426 Jiang i) 25h Pasi Mee 2 ely 25a) 2s | eg) Brot Raa 
1922 
GEC a anh ZENS 1 Sl) Ce Ce) Sy) | 2 30] 64 eso 
Deaths), ate aula ie ales Ole Ope ©) 2, |e 
1923 
G@aseseare| eu (eC! mia reo med an as 2 RES: ||) Rea er 
Deaths. . 2 Patol oe) Fosleat etal: “rel etol io 2 eg 
1924 
Cgaoeli ei Ol) Si vel ail 2a at eal a 7 \h sigh 1) 78S 
Deaths’. :|)ens|onlmsonite © Oeil OM! EEO |eO -|" haa 52". ero, 
1925 
Ec dalpseane Gel hd) Gee aah Mees oe OF) 40) bo) leg 
Deaths. .\|| 35] 25 esol 4a bo Gale a oR SM sagt Fes 
1926 
Gasesien: | @20| aed lca 40ers Ag ra 4s eset ea |esat 
Deaths..| ow get linet lip Dele hor lee eros cel Meo | iea |e os er 
1927 
Casesvees\ 49) 03. | LE Ba ia ER ee eee Rely ks 
Deaths)-7.)|eera| iO) |enOnie 5 I Tele Al eax | On HON) Fro; liers 
1928 
Cases :icreys|iexOly era |fiee 3 ih | mie | 0H fl ec | | a) 
Deaths ni onmean | 6 rel Selle ellie aa) SI) Xe) 


From the Dept. of Health, City of Chicago, personal communication from 
Arnold H. Kegel, Commissioner of Health. 
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Certain groups of cases have been studied in more-or less 
detail with regard to age and sex incidence and mortality. The 
Public Health Service conducted a survey (74). of the oc- 
currence of epidemic encephalitis in the United States for the 
period from September, 1918 to May, 1919. The age distri- 
bution of 181. cases included in this study is given in the 
following table: 

Table 7 


AGE DISTRIBUTION OF 181 CASES OF EPIDEMIC ENCEPHALITIS 
IN THE UNITED STATES 


Age group (years) No, of cases Percentage of total 
Und ert Sah. a jten nee 6 Brae 
Dee ABs acs uit sT sirmnciey sions 21 11.6 

Motaliinder. 57g ci 27 14.92 
Sy Odin aes team one 22 12.15 
TOSLA ERE Pb ise ice 15 8.3 
TSEeN Oi acta s cites 2) ciccats a AWM 2 6.63 
MOM 5 ano oopoadown ne 15 8.3 
ROE) 3. 3 1 Googa0 SURe ont T 13 7.18 
Wr vo oA bade awogenooko 14 7-73 
Boe Oy dla Oa: I2 6.63 
Yo 7. V. eee 20 IT.O§5 
AS=AQiEe ciinir cms crete = 8 4.42 
HO Vilero cso Gino ocen eclormta 7 3.87 
SOW s ula os ooo aoeee 6 Ze30 
GORGA aries ous esd leyeenas 5 25:75 
GBSHOO eh cert teeta < Nei a. : 4 2.21 
FO AG TA Paeek oie te SEY 
75 AN OVE ues ay ie I 55 
Total 5 and over... -. A S18 100.00 


From Smith: Public Health Reports 36: p. 319, 1921. 
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The case fatality rate was 29 percent. 

The age distribution of 274 cases observed by Dr. Neal 
(N 25) in New York City from the beginning of the epi- 
demic to May, 1921, is shown in Table 8. 


Table 8 


AGE DISTRIBUTION OF 274 CASES OF EPIDEMIC ENCEPHALITIS 
{NeaL, NEw York City} 


Age No. of Cases 
Be 0-3. Months aca 4 
3-6 Ae ees Sot 4 
(ra Gea | eter Pen te rege 8 
TO YOALS eee e re re 20 
2-5 pes Pera ce 29 
Erion Saag Seer Ae 47 
TG ay Nimes Hon pate cae 25 
Sub-total Sj. oe2 5 ee 137 
tS 2 ORV Cals eae eee ee 15 
ZO=3019 > Esk oer 56 
3O=AOig | Acree eee 33 
MO=SO) OCR cnc roee 24 
Oversoi> FF. ice tase 9 
‘Votal Wace eto eee 274 


The mortality rate was 28 percent. Fifty percent of the 
cases in this series were under fifteen years, a much higher 
proportion than that usually noted. This is accounted for by 
the author by the fact that a large number of children were 
seen in consultation for diseases of the central nervous system. 
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Happ and Mason (H 63) reported a series of eighty-one 
cases in Baltimore observed during the period from February, 
1919, to February, 1921. A classification of their cases gives 
the following: 


Table 9 


AGE AND SEX DIsTRIBUTION OF 81 Cases [HAPP AND Ma- 
SON, BALTIMORE } 


Age Male _ Female Total 
Ga3e months. ey. I 2 3 
3-6 See caches vile ce Sanat eee ete I I 
Gade pba ake 
Toe EgeY CATS ofaiessa 4. I I 2 
SRS ile A Oe 5 4 9 
or a We arc Sean 10 8 18 
LOGS Ae Mh ores Ss 4 4 2 6 
Sub-total ms. 4- 21 18 39 
iGo) sa aaens : 4 6 
DOeIO pape: oy ad 6 su II 
BOeAO Py ois seers 9 2: II 
Hke=r30); ey onal oto 6 2 8 
OREOe Sygate, 
CGe 7 Ole ee et Lee ee Rie ee I 
otal Serscniscs: 45 31 76 


Deaths, 6 (7.4 percent). Here, again, about 50 percent of 
the cases were under fifteen years. 

Epidemic encephalitis cases and deaths in New York City 
by age and sex, 1920 (City of New York, Department of 
Health Weekly Bulletin, n.s. 10: no. 12, page 89, Mar. 19, 
1921), are tabulated in Table 10. 


sey EPIDEMIOLOGY 


Table 10 


EPIDEMIC ENCEPHALITIS, CASES AND DEATHS 
BY AGE AND SEX, 1920 


Cases Deaths 
Age til, S62 sels aA 
Male | Female | Total | Male | Female | Total 

Undersseytsieenen 23 24 47 Io 8 18 
50) Win cenacr 26 14 45 10 2 Iz 
MoT ne ouox 32 18 50 6 5 II 
LS = 10 Wad pices 23 24 47 5 5 10 
DRO=DA A reget 37 34 71 13 ig: 24 
pi SS Bat d oor 29 27 56 II 14 25 
302314 in leon 35 18 53 8 8 16 
35539 eee 30 18 48 14 II 25 
AOmAA AE eee aloras 19 14 33 ij 10 17 
AES) oagoaoe 24 16 40 13 a 20 
Seayp - sooocbr 15 8 23 8 3 II 
AES) he oc caas 8 3 II 6 I i 
Clomevie 8 Go dnpoe 7 i 14 3 5 8 
6560" er itor 4 4 8 2 I 3 
70-74 gh tora 3 2 5 2 I 3 
TS=T9 hs owe ) I I ° I I 
8o-84) ies I Lo 2 ° fo) ° 

Totals horas 316 233 549 118 93 211 


From the City of New York, Department of Health, Weekly Bulletin. 


Strauss and Wechsler (S 384) made a study of 864 cases 
(Table 11). About 200 cases were observed by the authors 
and the records of the others were obtained from thirty neurol- 
ogists in the United States and Canada. More than half of 
the cases occurred in New York City. 
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Table 11 


AGE INCIDENCE OF 864 CasEs [STRAUSS AND WECHSLER, 
UNITED STATES AND CANADA }* 


Age group Cases Percentage 
Wind eres iyis eye cerra sate g 13 yea B55 
GETOVIS chs cots et 35 4. 
Die? On eae scetaets 136 5 7. 
IS Yo) Mi ak Oe ae 222: 25.7 
BA ON MES pals Acasa 215 25 
ALES OP Somes once ace es 140 16,2 
Cte So) aaa Eee eee. 72 8.3 
Cla Om Wena sascce ate 23 2.8 
Ovem7onyiss. nae ante _ 8 0.7 
plotal ner een set «ss te 864 100.0 


* Age incidence, 4 weeks to 84 years, 


The total number of deaths was 177, or 20.5 percent. 

The incidence by sex in this series was as follows: 

Male, number of cases, 522, percentage 60.5; female, 
number of cases, 342, percentage 39.5. 

Every conceivable occupation was represented; it was noted 
that the number of physicians was seventeen, or 2 percent. 

Grosman (G 154) has described the sequelae of epidemic 
encephalitis as based on his study of 145 cases in New York 
City. The mortality rate in this series was 20 percent. 

From Spokane, Washington, Price (P 215) reported 78 
cases seen from June, 1919 to March, 1921. 

There were 19 deaths (24 percent), 13 of which were in 
patients over 40 years. Only one death occurred in a patient 
under 20 years. 
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Table 1la 


AGE INCIDENCE OF 78 CASES 
[ PRICE, SPOKANE, WASHINGTON | * 


Age group 


Cases 


First decade 
Second ** 
Third 


Fifth 
Sixth 


5 


II 


14 


* Age incidence, 16 months to 82 years. 


Another group of cases in the northwest has been described 
by House (H 239). This author observed 145 patients in 
Portland, Oregon; 90 were examined during the acute stage 
and 55 during the chronic stage or because of sequelae. The 
mortality rate was between 26 and 44 percent. The epidemic 
in this locality occurred between October, 1919 and January, 
1922, and moved in waves. The first wave came during Octo- 
ber, November and December, 1919, with lesser waves in 
January and March and with complete subsidence in May, 
1920. Fifty-four acute cases were examined during this period. 
From October, 1920 to April, 1921, there was an almost con- 
tinuous series of acute cases, 36 in all. These were less severe 
than those of the previous winter and the mortality rate was 
about one-half as high. 

The City of New York, Department of Health, Weekly 
Bulletin, vol. 17, no. 28, 1928, gives the age grouping 
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of 531 cases in New York City during 1926 and 1927. 
Slightly over half the cases, or 55.45 percent, occurred in. 
males (Table 12). 


Table 12 
AGE DISTRIBUTION OF 531 Cases IN NEw York City 
i 926-27 | 
Under 1 year Under 5 years All ages 
Age Cases Age Cases Age Cases 
group group group 
Winder Taman Oo Under 1 yr... 13 Under 5 yrs...| 76 
1 7 Mp ree ae ee fo) Teigg ets a ae 18 Cen ee Ge cua 38 
2 Oe k cad te I Dad oe se 17 TO>TA rene re 38 
Seo I Pare ws rare are 13 Teeth S sce 88 
Cab Togs cern I AGS ehorsay 20 15 DSH 34 cael anit 82 
Snosage: ell ihe 5 oi ona, Ben ore a ee dese 2 35 44 eee 83 
C98 ee Aner QMeihllitetae ce er a OMS aida ASS Acer en bas 7O 
FAS Sedan oe a TS Edie o.oo neti excel [ere Eres a 50 04a ake. 43 
(isthe near Te | Ae 5 ce ae ee Over 65 nnrnee 13 
GalOen nies: ge: 3 
TOmin Ree se fe) 
LU ce = Oo 
wLiGtal tam: ais Tye Uke shade st Ol mite «ces eee des 531 


From the City of New York, Department of Health, Weekly Bulletin, vol. 17, 
no. 28, 1928. 

The same Bulletin gives the total of cases reported to the 
Department of Health during the nine years 1919-27, as 
4,074, and the total number of deaths as 1,817, a case fatality 
of 45 percent. The comment is made, however, that ‘The reg- 
istered case fatality rate is probably too high for the notifica- 


356 EPIDEMIOLOGY 


tion of cases is always incomplete, whereas the reports of 
deaths are practically complete.” 

One thousand, four hundred and twenty-three cases re- 
ported in the literature as occurring in the United States from 
1918 to 1926 have been classified according to age, sex and 
seasonal incidence in Tables 13a and 13b. 


Table 13a 


AGE AND SEX INCIDENCE OF 1,423 CASES REPORTED IN 
THE LITERATURE [1918-26] 


Sex Age group 

Year |Total Fete hie Under] —_|10-|20-}30-|40-|50-|60-— 

ale| Female|N.S.| , yt. 2-9] 19|29| 39] 49 | 59 | 69 [7° N.S. 
1918 44| 26 saste [Ege lise arn SeLE e977 Si ekloese ees 
1919 | 372] 246 | 125 I 5 50} 75] 76] 65] 54] 29] roj...] 8 
1920 | 447| 276 | 167 4 3 | §6/103]112] 78] 50] 27) 3] 1x) 14 
1921 | 103) 61 70S \lbra osc ear Wow UNO RS) tt0)) aie alla I 
1922 81} 50 30 Dae. cees He OW s8}) 2K} (SF) File Gcllo.a8 I 
1923 82| 46 33 3 Tay EA 3228S | eee: ee eet ae 
1924 4o] 32 7 Tol ccesteran AlSTAINNS |= Claes aes 
1925 Ah yen ee acy didvartdl ren conte aq eye ewe oul Vedi bal] ae) ah Ss 
1926 WA 3} A Sreretel | aeteeets 2 ret ee | eT | eee 5 
N.S. | 234) 145 | 85 | 4] 5° | 25} 48] 49] 55] 22] 18) 7) 2} 3 
Total] 1,423] 892 | 517 | 14 | 15  |185|334|300/269|163| 95] 25} 5] 32 


Another number of the Weekly Bulletin (volume 17, 
no. 24, June 16, 1928, page 46) compares the ‘Death Rates 
per 100,000 Population, 19 Large American Cities, by Im- 
portant Causes of Death, 1927.” The figures for encephalitis 
lethargica are given in Table 14. 
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Table 13b 


SEASONAL INCIDENCE OF 1,423 CasES REPORTED IN THE 
LITERATURE [1918-26] 


357 


Year r II Ill IV NSS. 
EQ UO etewetes chr 9 3 2 27 3 
LQ EQ irene ao 01-5: 168 35 29 118 22 
LOZ Ole peters oe oh 284 82 ay 41 13 
CPE, Ocha OR ee 57 17 10 10 9 
BOLD i. oklas 37 17 7 14 6 
G2 3d 9 Sik. See 38 12 17 7 8 
O24 Meee are nici « Ti 13 4 3 3 
RSV Gay Or 4 4 A a Sec I 
DOG aes eee se i 3 eels isceieotegsnt ane 2 
INE Sooper sede ate | Vaan ten ccMe rm, sack te ye |s ve cebetene alloc ere es se 234 
Motaligerieen re 606 186 100 232 299 
Table 14 
DEATH RATE PER 100,000 POPULATION OF-19 AMERICAN 
CITIES IN 1927 
GDICAG O's ee fideo ss ayece, opel ict: 39 Buffalo ete sis. thysey de 73 
Philadelphians caswacb anes .83 Milwaukee vu ieee teers 4 55 
DIS TKeyh oe ae, kee Eee om eee Cee 1.20 Wis Hitt g COL acu enerleatet delle 1.48 
ostAngeles ay.) «if. ts... 67, Newatkitiatncns facies 1.50 
Glevelandimgineatatdant Ge act I.02 Minneapolis ie aamen itt. 2ul7, 
Baltimoremenn verse cot ech 3.05 New iOrleansterrmsceeiien sy: 1.15 
IBOStOM emer ete che tort: 5a Cincinnatin german tetas T.22 
Bictsbur ghia cari he ec ce 1.05 Stu Paul reancectoawe sj athehes « 2.01 
ANB EANCISCOM IE are nel a- 2.26 Provicencemmn pac ph iaetl sty 74 
New York Citya assess 2.70 
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CANADA 


The literature contains but few references relating to 
the incidence of epidemic encephalitis in Canada. Two out- 
-breaks in Winnipeg have been described by Boyd (B 348, 
B 349, B 351.) The first occurred in the winter of 1919-20, 
with 159 cases in Manitoba, 89 of which were in Winnipeg; 
the mortality rate was 39 percent. The onset of the first case 
was during the last week of October, 1919. The ages were 
from 18 months to 72 years. 

The second Winnipeg outbreak occurred in the winter of 
1922-23, with 165 cases in all, 108 of which were in Win- 
nipeg; the mortality rate was 25 percent. 

Two hundred Canadian cases (including sixteen of Boyd's 
cases) reported in the literature have been classified with re- 
spect to age, sex and seasonal incidence (Tables 1a and 1b). 


Table la 


AGE AND SEX INCIDENCE OF 200 CAsES REPORTED IN THE 
LITERATURE {CANADA} 


Sex Age group 

Year |Total Pet 

Male] male|N-S.|1-9]10-19|20-2.9|30-39|40-49|50-5 9|60-69|N.S. 
COLO 7all eS LS fet [29 eee 4 a 3 i 2 3 
1920 ©} Ges || cceene Bt hota aco ee Bet lieateae TEU ane I I 
ropac || me | vl hy alot. eAlanulle 8 BP ictegen Bl grote I 2 
1922 Sallam? L's Nstetesfopstedota. es I 
EOL 3 5 [ee 4 Or |e nl onsen: WAS | eect ral ote De his atecail seoveteuci| (ances [anette 145 
NESE 9 erg 5 wR aaliteeth) si 4 3 3 Ege leat 7 
ANNEN| ouesy || yl | aise || Teil ay | 1S |) eA 5 9 2 4 | 158 
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Table 1b 


SEASONAL INCIDENCE OF 200 CasEsS REPORTED IN THE 
LITERATURE [CANADA] 


Quarter 
Year 
I II Ill IV NSS. 

TOE Q REE ero eee a ine les mete ee 14 
LOLOS Pie eh ke 5 I 
DRE) GE cust e Aaa || pe 3 4 
LAC pIOR Oe aah Sa I 
dsp eps Eee aoe 8 146 
ISS othe Ages Bilan cee Bie taal eee: aon eral cai ae eters eee 19 

otal ee e+. 158 2 3 18 19 


The Department of the Public Health of Nova Scotia re- 
ports the incidence in that province as follows: 


Table 2 
INCIDENCE OF EPIDEMIC ENCEPHALITIS IN Nova SCOTIA 


Years 1919 | 1920] 1921] 1922} 1923 | 1924 | 1925 | 1926] 1927 
Cases reported.....] 3 3 5 I 4 2 5 3 I 
IBYerta Ge AMVC coils coemaleoowall I 2 I I I 
Deathswbemalensar|e cee ieee. a I reer) 83 fe) I 


From the Department of Public Health, Nova Scotia. 


The record of deaths by years and months as received from 
the Dominion Bureau of Statistics is given in Table 3. 
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Table 3 
MorTALITY FROM EPIDEMIC ENCEPHALITIS [1921-27, 
CANADA | 
1921 | 1922 | 1923 | 1924 | 1925 | 1926 } 1927 
o ETS Se 5s Se 12 4 12 6 9 6 14 
FeDitect craic: 13 8 30 8 17 6 9 
Magi gueien aa St 16 4 29 5 10 6 5 
A Diss. aera yet II 5 15 9 7 7. 8 
Mayera.ctnte- 8 3 14 fe) 14 II 17 
(oneaa. arg scar 6 5 7 II 7 9 II 
uj ulysere ree ee 8 3 8 12 II 7 10 
AUR tram sti, tert 2 3 3 I 8 5 10 
Septsenreemar: 7 2: 9 4 II 5 II 
OC ie sca 8 5 8 3 10 14 Ce) 
NOvatuentntres sy: 5 2: 5 5 6 13 7 
DEC. eyorderiors: 6 4 6 8 8 10 8 
WMotaleecneer 102 48 146 82 118 99 120 


From the Dominion Bureau of Statistics. 


In 1919, according to the U. S. Public Health Reports, 
there were 78 cases and 20 deaths; and in 1920 there were 
342 Cases. ' 


SOUTH AMERICA 


Although it is generally stated that epidemic encephalitis 
was not reported from South America until 1919, Netter 
(N 47) refers to a note from Professor Morquio, who saw 
three infants with this disease at Montevideo and reported 
the case in the Rivista médical de Uruguay, in August, 1918. 

In May, 1919, a case was observed in Argentina by Desté- 
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fano (D 107). During 1919, another case was seen in 
Buenos Aires, one in Brazil and four in Peru. 

Ricaldoni (R 106) states that while isolated cases had ap- 
peared two or three years earlier, the disease became “‘epi- 
demic” in 1920 and reached its maximum during the winter 
months, July and August. In Uruguay (in 1920?) there were 
208 cases, with 98 deaths (over 47 percent), although the 
author believes that many light cases were not reported. 

The figures in Tables 1 and 2 are taken from Ricaldoni’s 
report. 


Table 1 
MorTALITY FROM EPIDEMIC ENCEPHALITIS 
[ RICALDONI} 
Year 1920 1921 1922 

(WER IE Ro, aac ake bocce Cases*:. teeta: 42 9 19 

Deaths eee II 2 

Mortality per cent...} 26.2 33-3 10.5 
AT Pentina agus. Deaths Werte tase 47 25 
Dr. Ballagtia 
RiGideyancixo, sens: Cases ®ratmen eet: 15 10 

IDEEKd 15 ode Goucno 15 Zi 5 


* Hospital admissions. 


The seasonal incidence of the cases reported in Rio de 
Janeiro is given by quarters in Table 2. 
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Table 2 
SEASONAL INCIDENCE IN RIO DE JANEIRO 
{ RICALDONI } 
ee EEE 
Quarter 
Year 
I II Ill IV 
ICHIOIE onion Moers Sols caneanel eGo. br kite 14 
iG 2 ee 5 8 7h 
LQU I re eyecare ae 3 I 2 I 


Espejo (E 52) has reported the incidence in Lima, Peru 
(Table 3) ; the age and sex are not given. The mortality rate 
was 13 percent. 


Table 3 
INCIDENCE IN LIMA, PERU, 1919-24 
{ EsPEJO} 
Quarter 
Year 
I II Ill IV N.S. Total 

TOTO meeps I I Tenormin nee iceeraraeersine 4 
LOZOm ett meen 3 6 3 De «Ie aan eer 14 
LOL avalon We as.| oer 3 3 6 PRR I 10 
TOLB emacs oe Tia walle athe eas 3 a erty 7, 
EO2.3 sapere sractateare 3 2 Awan ‘ecreas opeartael| ersten 9 
1924 .Cee A= alse. 3. il. «Sede oes pelea reser «| Erereaee ee 3 
Lotaleneeerie 8 15 17 6 I 47 
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The incidence in Uruguay, from 1922 to 1927, is given as 
follows in the League of Nations Monthly Epidemiological 
Reports (Table 4): 

Table 4 
INCIDENCE IN URuGuay [1922-27] 


Year Cases Deaths 
GSP L sear ent 5 ae 10 8 
THGPIES Seren OS Gene Shoe 3 3 
SWARM Mice A tra AE a3: 9 14 
TAVIS. Si iC eee cee aie eae 4 I 
TOUGH og hcg + ehlagomcs wigs 2 I 
TORT Eo asd ca gts ee oh 2 


From the League of Nations Monthly Epidemiological Reports. 


An analysis of 104 additional cases, collected from the lit- 
erature, is given in Tables 5a and 5b. 


Table 5a 
AGE AND SEX INCIDENCE OF 104 CASES REPORTED IN THE 


LITERATURE 
Sex Age Groups 
Year | Total Under 10 | 20- | 30- | 4o- | 50- | 60- 
Male} Female| , yr. [7-9] 19 | 29 | 39 | 49 | s9 | 69 NS. 

Argenjtina 
1919 2: I Dy oi Waless creates ee eee 
1920 ey |lou 13 re ESA | Sei aee pate a 
1921 7 To Wists ee as | eke ener gee alberta een) iL {iP ot: 
1922 Tolleraec: Tey ia craas I 
1923 2 pg ill et) Ulster [tee ralieed 
1924 6 Piel eta Ble cid o's Bah 2 I 
1925 I Lidl SBE ee ore ri 
1926 2 OO Nersceeehe rl rotane cal iakceelleaaeie i I 
N.S. Fi 5 Dita ince tah ee | ea 
Total | 65 | 44 21 rp red | stor) eas al ga |) te 
Peru 
1919 I E Gp cesta tango ts pares SMa [veel eters | aeeetunlerse |S eee terete I 
1920 10 y cen lieth 6 Cele) (adel) ore) mere ed | eee ee 
1921 6 5 bed lesacoes on) Be fecal eke sollso oct a 
1922 3 Selecta east Se (Se RS [ea ee re 
1923 5 §  Aliccuaeevetoc lcnartasece Neco leaeas rpa yell se 
1924 2 J Ne ek Bog llesoetoteesi| ayancill Cokes [latte whore ete 2: 
N.S. a Bea Nese hy peel peu per || do |e |p ee ia oleae feencl I 
Total | 29 | 23 I ali ecteas 3 reales a) yah Ova ert ona) -G 
Brazil 

8 3 5 Wieusnsterere pee ||| ee! 5 I I 
Parag\uay 

I toes arin Keertteaae I 
Urugulay 

I sl Iron tesercae fica cae I 


South |Amerijcan 
Total | 104 | 72 a APS ot AS Pee ee Ai) ee 


Table 5b 
SEASONAL INCIDENCE OF 104 CASES REPORTED IN THE 


LITERATURE 
Quarter 
Year 
I II Ill IV N.S 
Argentina 
oO ob On Ca crea tae: dies TPT Ege. SAE ME PO I 
LOOM WSS UAE ie SET). 16 17 4 
TOP Ort ee biae lovee 4 3 
TQ peo: acto TA oleae tal tana oust 
LOL Siete steak [oe eae PEN DON ae I 
E24 een oS hao I 7a es bee 3 
EPR SECO (SS sas ae I 
DOUG peg teregans.016.5|| Res Beto iecs | ste.> opener Ze 
ING :6, Stoked otal Wath cckdas taille lee ouch 3 bleceecton ual blanche ics 7 
SWohe) Careers 2 25 22 8 8 
Peru 
LOE Qe rare cak: aarti hayens de I 
TQZOce Meme & I 5 3 I 
5 4296 dea cs tcxich raed | an hy ache 4 I I 
LORNA PI. tol | is eastwood oats Les I I I 
TOUP en. HERE. 2 2 I 
TOUARED NED fans late ey. fe 2 
otal resis: 3 14 6 3 I 
Brazil 
DOO One 2 4 2 
Paraguay 
beat ee eee erty MGS = AID Me AAR I 
Uruguay 
Aycithtos © Oly ue al to coscicee soycuemen rcernoeororncioas I 
South American 
ota lee 5 41 33 14 10 
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INDIA 


A small group of cases of epidemic encephalitis appeared 
in Karachi City, India, in November and December, 1919. 
Seventeen of these cases were reported by Malone and 
Maitra (M 53). Stephan and Bulchandani (S 316) believe 
that this was the first appearance of the disease in India. Six 
patients with encephalitis were admitted to the hospital within 
three weeks. A number of cases had developed in the city 
by December tenth. Five out of six were males. The majority 
were between fifteen and forty years of age. 

With this exception no outbreaks of encephalitis have been 
reported from India. Thirty-five cases described in the litera- 
ture are analysed in the accompanying table. 


CHINA 


Cadbury’s case (C 3) is thought to have been the first in- 
stance of epidemic encephalitis reported in China. The patient 
was a Chinese boy of seven years taken sick in Canton in 
February, 1919. Lennox (L 127) described a case occurring 
in Peking in December of the same year. In March and April, 
1920, Judson (J 68) saw two cases in Hwaiyuan. Wassell 
(W 22) gives a detailed history of another in Muchang in 
December, 1921. During the same month an officer was taken 
sick with epidemic encephalitis in a military camp in Chang- 
sha. Shibley (S 169) in reporting this illness mentions the 
fact that a similar case had occurred in the same camp but 
does not give the time relationship; nor does he make any 
statement with regard to direct contact. 

From February, 1925 to December, 1926, Chien (Gest 2} 
collected thirteen typical cases of epidemic encephalitis at the 
Hunan Yale Hospital. There had been no cases here (at 
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Changsha) in the interval since Shibley’s case in 1921. These 
patients were all natives of the Human province. An analysis 
of these cases reveals the following. Sex: males 9, females 
4; age: 4-36 years (5 between 4 and 20, 6 between 21 and 
30, and 1 over 30 years); occupation: students 6, house- 
wives 2, farmers 2, merchants 2, and no occupation 1. 

One hundred cases of encephalitis were studied at the Pe- 
king Union Medical College and reported by Maximilian 
Pfister in 1926 (P 130) (Table 1). This author believes that 
accounts of the occurrence of epidemic encephalitis in China 
must be received with caution, as there are many opportunities 
for error in diagnosis. He does not consider the description 
of Cadbury’s case sufficiently complete to make the diagnosis 
certain; the same is true, he think, of Judson’s cases in 
Hwatyuan. Lennox’s case in Peking, he believes to be enceph- 
alitis. 


Table 1 


INCIDENCE AT THE PEKING UNION MEDICAL COLLEGE 
[ PFISTER } 


Year | 1919 | 1920 | 1921 | 1922 | 1923 | 1924 |1925 (to June)| Total 


Gasesee ri 5 12 8 20 23 26 6 100 


In 1919, the first case occurred in March in Shanghai; there 
was one in July in Fuchow on the South coast; three in the 
fall in Peking, Paoting, and Taiyuan in Shansi. 

The greatest incidence was during the winter months, from 
December to March, the period of dry cold with dust-winds; 
the next greatest was in August, the beginning of the dry 
season. In this connection, the author notes that the great Jap- 
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anese epidemic in 1924 occurred during an unusually dry 
summer and declined with the beginning of the rainy period. 

An analysis of these cases gives the following data. Age: 
5 months to 61 years, with more than half in the period 14-27 
years; sex: male 80, female 20; nationality: Chinese 82, 
American 10, Russian 4, English 1, Japanese 1, Korean 1, 
French 1; occupation: students 27, housewives 10, merchants 
9, missionaries 7, teachers 5, nurses 4, farmers 4, apprentices 
3, servants 3, rikischakuli 3, officials 2, police 2, manual la- 
borers 2, others 6, and no occupation 13. ; 

Although the author does not discuss the question of conta- 
gion, two of the patients in his series were nurses who took 
sick in March, 1924. They had been employed on the same 
ward to which a physician’s wife had been admitted with en- 
cephalitis in February. 

Pfister discusses the routes of entry into China. There are 
three possibilities: 1) from America, across the Pacific and 
Japan; 2) the land route over Siberia; and 3) from the West, 
across India: 

1) In America, the first cases were in the East, at the end 
of 1918. In the West, the disease appeared a year later. The 
first cases in Shanghai were in March, 1919. 

2) In Russia, encephalitis appeared some time before 1919 
but apparently reached Siberia only toward the end of that 
year. Trans-Siberian travel was at that time interrupted in 
many places and it seems probable that the first cases in Pe- 
king (in the fall of 1919) were brought by railroad from 
the south of China, especially as the first cases in Mukden and 
Charbin were reported somewhat later. 

3) In favor of this route 7. ¢., from Europe across the Red 
Sea and over India to the south ports of China, is (a) the 
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fact that the first cases appeared in the port cities connected 
with the West, and (b) the fact that at the same time (July, 
1919) cases appeared in Andaman, an English island-group 
half way between India and China. The same route can be 
traced for cholera. The original carriers were probably English 
soldiers, among whom the first cases were seen in Karachi, 
on the northwest coast of India. In Japan, encephalitis ap- 
peared at the same time as in China. 


Watson (W 25) believes that there may be endemic areas 
for encephalitis in China. This writer was transferred in 1926 
to a hospital in Yunnanfer, a town in the more or less isolated 
province of Yunnan. Here he found a number of out-patients 
who showed a typical post-encephalitic Parkinsonsim. Be- 
cause the province was so situated as to make outside contact 
rare, it seemed possible that this was an endemic area for en- 
cephalitis. The cases came from different villages, some of 
them from one to three days’ journey from the hospital. There 
was no reliable way of ascertaining the facts, but apparently 
there had been no epidemics of any size. 

According to the patients’ testimony, the duration of symp- 
toms had been from six to twelve years. This would place the 
acute illness of one patient in 1915. 


If this were a new disease, why did it not become epidemic 
and spread in China as it did in Europe and America? There 
is no evidence of such an epidemic in Yunnan. If it was 
brought into Yunnanfer by way of Indo-China, it is strange 
that there were no cases among the Cantonese in this prov- 
ince, as they travel much more freely than do the Yunnanese. 

Twenty-one cases have been collected from the literature 
and analysed in Table 2. 
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Table 2 


AGE, SEX AND SEASONAL INCIDENCE OF 21 Cases REPORTED 
IN THE LITERATURE 
een Eee eee 


Sex Age group Quarter 
Year Fe- |1-9]10-|20-|30-|40-|N.S. 
Total] Male}. wale 19}291391 49 Lo Lie | LS TVA NTES: 
1919 | 3 Sal becca I Tihs calle I 
T9270" 2 ee "tale al Seale tera 
TOUEM | 3 ope cane a Pelt ellen 2 
1924 | 5: 2 B alas (bebe |e S53 etl epee 
INES, 1/3 aD aoe CES NR ee iy Dea ed ee | el ee We 8 
Total] 21 | 18 pease elaszenieayea| 24 Il 254 be! a1 wean eo) 4 8 
JAPAN 


The most complete available report on the incidence of en- 
cephalitis in Japan is that given by Kaneko and Aoki (K 14a). 
These authors, as a result of their own observations and of 
a study of the Japanese literature, distinguish between two 
types of encephalitis. The one, Type A, occurs in the winter 
months and presents a clinical picture similar to that of the 
European disease; the other Type B, is observed in late sum- 
mer and early fall, and differs in clinical and epidemiological 
characteristics from the usual form observed in Europe and the 
United States. The division made by Kaneko and Aoki is fol 
lowed here and the figures given are taken from their review 


Encephalitis Epidemica A 


Only 223 cases of this type could be collected from the 
Japanese literature. 
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Seasonal Incidence-—Wada reported 41 cases occurring 
from December, 1919 to March, 1920; Naito, 32 in Jan- 
uaty, 1920 (?); and Kusuda 4 from December, 1919 (?) to 
April, 1920 (?). The distribution of 94 additional cases, 
in which the month of onset could be determined, is given 
in Table 1. 


Table 1 


INCIDENCE OF 94 CASES OF ENCEPHALITIS A BY MONTHS 


Month | Cases|| Month |Cases|| Month | Cases || Month {Cases 
Janae. au Apis Biel ack Jaly-« 38 I Geeth: Sanierg 
eb yatcrrs 24 || May 3 Algae De Novis ae 8 
Mar.:.... Sh iy [uteey. gellt seletrg Septemrae altaume « Dees. ae. 17 

9 Woy 7-1 Woe. (Ragnar | (Mess tts ee iets ace Acach| eral ct or en [eas kasi) | Waren craic 94 


Age and Sex.—Wada’s 41 cases were ‘‘mostly of middle 
age;’’ males 27, females 14. Of 147 cases in the literature, the 
age and sex incidence is given in Table 2. 


Table 2 


AGE, AND SEX INCIDENCE OF 147 CASES OF ENCEPHALITIS A 
REPORTED IN THE LITERATURE 


Age period 
Total 
To 10 yrs. |11-20]21-30|31-40|41-50}5 1-60|Over 60 
Miaileiear tare yet 6 23 ae || ae 10 5 2 99 
Hetnalenersier.- 4 TA LA 9 3 2 2 48 


Totalienmae ste 10 37a ad eal Demet 7 4 147 
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Occu pation.—Laborers and students predominated. 
Mortality—The mortality in Type A as reported by differ- 
ent authors is shown in Table 3. 


Table 3 
MorTALITY FROM ENCEPHALITIS A 
Author Cases Mortality percentage 
Wid amerrret tre 8 Sx: 4 17.0 
Wiyihaga cab tr acen a tec Gi 26.6 
KaneKOcs taco secon + 102 24.5 
IashiwadOmnan ain -- 66* 34.8 


* Collected from the literature. 


Thus the seasonal incidence in the winter months, the age 
incidence showing the 10-30-year age period to be the one 
most affected, and the moderate mortality rate all correspond 
to the usual statistics for epidemic encephalitis as observed 
in Europe and America. 


Encephalitis Epidemica B 


Incidence and Mortality——According to Kaneko and Aoki, 
small epidemics of this type of the disease have occurred dur- 
ing the hot season at frequent intervals since 1871. The 
mortality rate has usually been high. Epis since rae are 
given in Table 4. 

Official figures probably give an unduly high mortality rate, 
as the milder cases are not always reported. Of 125 cases (in- 
cluding 12 that were abortive) observed by four writers, there 
were 42 deaths (33.6 percent). 
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Table 4 
MorTALITY FROM ENCEPHALITIS B [1901-27] 


Mortality 

Year Place Cases Deaths percentage 
LOOK sents cae oe Kagawa 2I 9 42.9 
LOOT Reet @Wakagama) aes srr: 119 60.0 
EOLA Maes oes. Okayama 476 293 61.5 
TOE errs teee: Okayama 52 38 73- 
EOI a reevtskay Mcic Okayama 95 73 76.8 
EOLA) waterencto. usa Japan 6,949 4,169 59-99 
T.Q2: Of bears crs Fukuoka 20 8 40. 
12 Futrspences teases Fukuoka 19 fe) 33h 


The B type occurs in summer and early fall. The hotter 
the summer, the more likely this disease is to appear in Au- 
gust. It is especially widespread if drought accompanies the 
heat. Such conditions prevailed in certain of the affected prov- 
inces in 1924, at the time of the great epidemic. In other 
provinces in north Japan the spread of the disease was delayed. 

Iimura and Katsumata give figures for 1924 from three 
provinces by five-day periods (Table 4a). 


Table 4a 


INCIDENCE OF ENCEPHALITIS B IN 1924* [IIMURA AND 
KATSUMATA } 


Period. ..| Aug. | Aug. | Aug. | Aug. | Aug. | Aug. |Aug. 31-| Total 
T=) 6108 | ort 15 y) T6=20) |) aaa calle Geom Sepia, 
Gasesi ene ina: 301 454 403, 238 78 RR 1,579 


* Three provinces. 
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2) 


Y. Aoki reports the incidence of 37 cases from smaller 


epidemics (Table 5). 


Table 5 
INCIDENCE OF ENCEPHALITIS B [AOKI] 


August September 
Year | July 
I-10 | I-20} 21-31 | I-10 | 11-20] 21-30 
1926. Tap | scesinac I 5 5 5 
1927. Teasers: II 4 Di cere |eererne 
I I II 5 7 5 5 


October | Total 
I 18 
I 19 
2 37; 


The mortality was greater in the higher age groups, as 
shown by Katsumata in Tokushima (1924) (Table 6). 


Table 6 


MorTALITY FROM ENCEPHALITIS B IN 1924 [KATSUMATA} 


Mortality 

Age Cases Deaths Still sick percentage 
Under 10 yrs...... 21 10 4 47.6 
Die ZOvMe eee 15 10 10 40.0 
Poy a oa 20 9 5 45.0 
MER) PE ninine 23 12 6 52-2 
MEO ciples 215 17 5 68.0 
Sil COMME TOE 55 34 15 61.8 
Gi-=-7 Oe 67 42 it) 62.7 
Gi se  aabee 49 , 41 5 83.7 
Overcome mmr ia: 14 13 I 92.9 

gL OG AL Seve casscye = 8 299 189 63 
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The report of the Minister of the Interior gives the follow- 
ing: To September 5, 4,427 cases; to September 15, 5,873 
cases; to September 29, 6,547 cases; and for the whole epi- 
demic, 6,949 cases. 

Age.—Elderly people are more frequently affected in this 
type of encephalitis than young people (Table 7). Kaneko 
and Aoki are inclined to believe that this condition is not so 
infrequent in young people as appears, but that it runs a 
milder course and thus is more often overlooked. 


Table 7 
AGE INCIDENCE IN ENCEPHALITIS B IN 1924 


Age group as determined Yamada report Kaneko report 
im 5 provinces in 1924 1924 1924 
Per- Per- Per- 
Age | Cases centage Age | Cases centage Age | Cases centage 


Under 10] 195| 6.7 |Under to] 53 19.7 |Under20] 14 | 25.9 
S|) GPE) 7S 56 Ge Ko) MN Ae) 10.7 21-30] 10 18.5 
Ppiol TS | ak 7I—30| eed Fo 31-40] 6 Lean 
31-40] 201 6.8 31-40] 18 6.6 41-50] 6 Tied 
41-50] 259 8.8 41-50] 36 E303 51-60} 6 TIME 
51-60} 461] 15.7 51-60] 38 14.1 | Over 60] 12 22.2 
61-70] 668} 22.7 | Over 60] 81 30.1 
71-80] 646] 22.1 

Over 80! 183 6.2 


Total. . .| 2,936 


Sex.—The sex incidence as’ reported during the epidemic 
of 1924 is given in Table 8. 
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Table 8 


SEX INCIDENCE IN ENCEPHALITIS B IN 1924 


Sex Male | Female | Total | Ratio of Male to Female 


CASES 5 he Soo acd ne 1,941 1,538 3,479 E2Gn 1 


Occupation and Social Status ——Ilimura, Katsumata and 
Tadara classified the chief occupations represented in the 
epidemic of 1924: 


PEASANTS Atte ei te Se Pe A ee 1,983 
Business Us ACER. ante, TOES. Et 242 
eaborers'ss.4 stan or ea 184 
Bishermenst.54 sb gawk es cate oe cin: 75 
OmiGials' fod. ayy sn 5 Pi Rae en eer ats ot: 19 
INUESES at Sesyetosees na cepetnci pe leics AF ope eae wiped ol ens 12 
IW ALECLS Aiereatentiecs wimacdhociene on 6 occ epee 28 
Studentsys anon seers deter percocet 14 
(Oychlersis ete crea ore etepsleaneue cmrond se ebecer a use 181 
IND OCCUPATION amit acai pee nee es viene ene 557 
TOCA yp teetear etna n cote Bs eNO, ode esate hs oe 3,295 


It was suggested that the incidence was highest among the 
peasants or farmers because of overwork and exposure to the 
hot sun while watering their rice fields during the drought. 
Students, on the other hand, were on vacations at this season. 
Moreover, they fall within the lower age groups where the 
incidence is lower. 

Tadara distinguished four classes, A, B, C, and D, accord- 
ing to living conditions, and found Class C most affected 
(48.09 percent) and Class B next (39.66 percent). 

Contagion.—limura (1924) reported 671 cases in 671 
famalies in Toyama. Kuroda, among 49 cases in Kagawa, 


378 EPIDEMIOLOGY 


found only one apparent familial infection, but seven cases 
of possible contagion. In Nagano there was no report of two 
cases in one family. Katsumata reported some cases of possible 
contagion. Kaneko described four cases of illness following 
contact with a patient suffering from encephalitis. In the 
epidemic of 1924, only a few physicians contracted the dis- 
ease, and these were elderly and not in active practice. 

The spread of this type of encephalitis is not eccentric, but 
it is extraordinarily rapid; cases appear thickly scattered over 
an entire district almost at the same moment. In certain dis- 
tricts, cases are observed almost every year, in summer and 
early fall, thus showing not only an epidemic, but an endemic 
or sporadic-endemic, character. 

The League of Nations Monthly Epidemiological Report 
(R. E. 98, p. 9, January 15, 1927), gives the following state- 
ment with regard to the more recent appearances of epidemic 
encephalitis in Japan: 

“An outbreak of encephalitis occurred in Japan between 
August and October, 1926. The geographical distribution was 
similar to that of the larger epidemic which occurred during 
the same months. The highest incidence was around the inland 
sea, particularly in Kagawa, Okayama, and Tottori. But while 
the case incidence in these three provinces in 1924 varied from 
100 to 310 per 100,000, it was only from 13 to 15 per 100,- 
000 during the recent outbreak. It appears that the provinces 
farther east and north have not been affected by the epidemic.” 

Statistics for the incidence of epidemic encephalitis in 
Japan, 1924-27, have been received from the Central Sanitary 
Bureau of Tokyo (Table 9). 

Discussion.—The most important points of differentiation 
between Encephalitis Type A and Encephalitis Type B as 
given by Kaneko, are the differences in the seasonal and age 
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Table 9 


INCIDENCE OF EPIDEMIC ENCEPHALITIS IN JAPAN, [1924-27] 
rT 


Year aihecs a] 8 al cease” | er) a BO ee eee ae hee 
ih 2 fi i Ma lle ge 29d 

eee 

CDSE ao calls joalfee tells kellsoran||! es Ulla ISS coe oie 

Pats ie ateue wie cnfos +} Z| 3,1 56 | 22106 | 15473. | OR 

i ) 

GEIS s sze|| e G7 Y al | | 2 7A 

Deathisert ead: ele lee | sl 2 I 4 COZ | eae 

1926 

Gasestrnee eet ually Nydas eae laa 9 195 | 664} 91] 22 | 15 

Wea chs wee belie AveluZe | Populi 8 L074) 9337 41 240|e3nnit26 

1927 

Gaseses MG! Seas auth a I I I 2 NN ERNGS aie na Silom anes) 

Deathisweale7 2.4) 3 |) LAOLaee eer go} 390] 114] 59 


From the Central Sanitary Bureau, Tokyo. 


incidence, in the mortality rate, and in the clinical course of 
the disease. 

These authors admit, however, that cases of the A Type are 
sometimes seen in summer, and that, cases of the B Type not 
infrequently occur in the cold season, although no large epi- 
demics of this form have ever developed in the winter. 

The incidence of Encephalitis B was much greater in the 
higher than in the lower age groups during the 1924 epidemic, 
but Kaneko and Aoki, as stated above, believe that the condi- 
tion is milder in young people and thus more often overlooked. 

The Japanese epidemic was characterized by a high mortal- 
ity (60 percent), but these authors suggest that an increase 
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in virulence may occur in other tropical and sub-tropical 
climates, and refer in this connection to the high mortality 
rate of the X-disease in Australia. It may also be mentioned 
here that other countries have also at times reported a high 
death rate for encephalitis. In England and Wales, for ex- 
ample, the case mortality was 75 percent in 1922, 58 percent 
in 1926, and 71 percent in 1927. 

Meningeal manifestations are more marked in Encephalli- 
tis B; in this type, too, a delirious or hyperkinetic state is 
often observed, in contrast to the lethargy of Type A. The 
Parkinsonian syndrome is exceptional in the B form, whereas 
neurasthenic symptoms, such as headache, sleeplessness and 
irritability, frequently followed. A permanent disturbance of 
the psyche often resulted. This was especially noticeable in 
children. However, equally marked variations in the clinical 
manifestations of the disease are frequently observed in Eu- 
rope and the United States, in groups of cases occurring in 
different years or in different localities. 

Kaneko and Aoki are unable to deduce proof of difference 
from the pathological-anatomical findings in the two forms. 
Flexner (F 66) found that the pathological changes in speci- 
mens taken from the brains of fatal Japanese cases closely re- 
sembled those present in the European and American cases 
of epidemic encephalitis, and believed that there were “strong 
reasons for believing that the Japanese epidemic disease is 
of the nature of the European and American disease.” 

Although the Japanese authors quoted conclude that Enceph- 
alitis B is a special form of encephalitis closely related to 
Encephalitis A, it does not appear that there are satisfactory 
grounds for making a differentiation, either between these two 


types in Japan, or between the Japanese and the European 
or American form of the disease. 
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The fact that Kaneko and Aoki have been able to trace 
back over a period of years to 1901, or perhaps even to 1871, 
recurrent outbreaks of the condition which they have termed 
Encephalitis B, suggests the possibility that epidemic enceph- 
alitis may be endemic in Japan. It may be of interest to refer 
in this connection to Watson’s suggestion with regard to en- 
demic foci in China (q. v.). 


PHILIPPINE ISLANDS 


In 1919, there was a mild outbreak of epidemic enceph- 
alitis in the Philippine Islands. Lantin and Vitug (L 59) 
reported eight cases seen at the Philippine General Hospi- 
tal, three in September and five in October, 1919. Of the 
four fatal cases, the diagnosis was confirmed by autopsy in 
three instances, as reported by de Leon (L 130). The pa- 
tients were all adult Filipinos, six being males and two fe- 
males. 

The first appearance of the disease in epidemic form was 
in the period from November, 1922 to the spring of 1923, 
with the peak in December and January. 


Table 1 
INCIDENCE OF EPIDEMIC ENCEPHALITIS, 1922-23 
[L. W. SMITH] 
1922 1923 
Dec. Jan Feb. Mar Apr 
(GAS no wee 40 21 14 9 2 
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L. W. Smith (S 245) describes 27 cases admitted to the 
Philippine General Hospital and also reports briefly on the 
epidemic in the Islands. Incomplete figures from the Health 
Service showed the incidence as given in Table 1. 

The morbidity and mortality as shown by admissions to 
twelve hospitals is given in Table 2. 


Table 2 


Morsipity AND MorTALITY OF EPIDEMIC ENCEPHALITIS* 


Sex ; 
Total | ercentage 
Male | Female | N.S. : eB 
Cases tang te 43 1 15 Jo 41.4 
Deathseeete ee 24 3 29 


* Figures from twelve hospitals. 


The ages varied from 30 years to 49 years. 

It was felt that this was a disease chiefly of adult males 
(18-30 years). The spread was mysterious. The first case seen 
in Manila was that of a sailor on one of the inter-island boats. 
This patient was immediately isolated. Cases appeared in all 
parts of the city; in only one instance were there two in the 
same family or the. same house. Different classes of society 
were about proportionally affected. The mortality was high. 

Only two towns outside of Luzon suffered, Zamboanga 
and Cebu. The latter had only two cases recognized clinically. 
These occurred at the same time as the epidemic in Manila, 
although Cebu is nearly 640 kilometers farther south, and is 
completely isolated except by boat. In Zamboanga, 960 kilo- 
meters south of Manila, the disease did not appear until Feb- 
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ruary. Sison (S 232) reported all the cases (39) seen at the 
Philippine General Hospital from November, 1922 to May, 
1923. Eighty-seven percent of these were males. The mortal- 
ity rate was 45 percent. The ages ranged from four months 
to 53 years; there were two cases under 10 years; 6 from 
10-13 years; 19 from 15-25; 5 from 26-35; and 7 from 
36-55. 

This author believed that most of the cases were from the 
poorer classes. The majority came from Manila, perhaps be- 
cause those from other parts of the islands were unable to 
get to the city. In Manila, the majority of the cases came from 
Tondo, the most crowded part of the city. 

In Zamboanga, 18 cases occurred in 1923; in February, 5; 
in March, 9; and in April 4. At this season, it was very hot 
during the day and very cold at night. Aguilar and Rodriguez 
(A 66) made a clinical study of 13 of these. The age and sex 
incidence is given in Table 3. 


Table 3 


AGE AND SEX INCIDENCE IN 13 Cases [AGUILAR AND 
RODRIGUEZ } 


Age Group | 9-15 | 15-20] 21-25 | 20-63 || Sex | Male |Female || Total 


(Gasesiin dissin. 5 2 4 em) CaScSanens 5 13 


“These were twelve Filipinos and one American. Of the 
thirteen cases there were six students, one teacher, one clerk, 
three laborers, one farmer, and one housewife. .... ie 

“The cases were widely distributed in different places in 
Zamboango ... . none of the cases studied came from the 
same vicinity, except in two instances; but the residences of 
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these cases, in the barrio of Tetuan and in the City of Zam- 
boanga, are far apart. There were also no two cases registered 
in the same house.” 

Forty additional cases reported in the literature are analysed 
in Table 4. 


AUSTRALIA 
“The Mysterious Disease’ 


Australian cases of epidemic encephalitis, of the type known 
in Europe and the United States, were not reported until 1919. 
There appeared, however, in Australia in 1917 and 1918 an 
epidemic disease, the nature of which has been long debated. 
The most exhaustive account of this “Mysterious” or “X- 
disease,” is that given by Cleland and Campbell (C 155). 
Through their courtesy an Extract from the Report of the Di- 
rector-General of Public Health, New South Wales, for. the 
year ended 31st December, 1917, has been made available for 
the use of this survey. 

Although Cleland and Campbell have concluded that the 
condition then observed is not identical with epidemic en- 
cephalitis, their figures are included in this report, because of 
the interest the outbreak attracted, and because a compari- 
son of the situation in Australia with that found elsewhere 
may prove of value in the consideration of the subject as a 
whole. 

Cleland and Campbell called attention to the fact that the 
X-disease occurred in the dry, hot western portion of the state 
with marked preference for late summer and autumn months. 
The climatic conditions were similar to those described in 
Japan at the time of the great epidemic in 1924. The mortal- 
ity rate in both countries was high. These points of similarity 
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have frequently been pointed out by Dr. Neal, (personal com- 
munication) and are discussed by Kaneko (K 14a) in his re- 
view of encephalitis in Japan. 

Campbell's report on the clinical manifestations of this dis- 
ease in Australia is based on the findings in 134 cases which 
occurred in New South Wales during the period from Feb- 
ruary to April, 1917, and from January to March, 1918. These 
cases were observed by doctors in the districts where the epi- 
demic prevailed. Many of them are included in independent 
reports in the literature. A list of references is appended: 
Anderson -(A 103); Breinl (B 370, B 371); Burnell (B 
434, B 434a); Litchfield (L 280); and Mathewson and 
Latham (M 167). 

The monthly incidence of 117 cases is shown in Table 1 
(taken from Table 1 of the report mentioned above). 


Table 1 


MONTHLY INCIDENCE OF Cases {X-DISEASE, CAMPBELL} 


1917 Cases 1918 Cases Total 
| ER ody. Sen sere I f Exel eran comer 6 7i 
Reb ma cet econ II RCD ion tae: 30 @ 32) 43 
Matera carer ate 36 Mar veers eration 13 49 
EA DOr ements ame. 15 dao) so ae stn Metacten 2 ng) 
IDECioe ere ere ees Diy y | fiveateienhas see aieraneel home nves eae I 
‘EOtal especie. CAS Fille eeome vane ee rote? 53 117 


Age and Sex Incidence-—— Campbell's figures for age and 
sex incidence and mortality have been combined in Tables 2 
and 2a. 
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Table 2 


AGE INCIDENCE [{X-DIsEASE, CAMPBELL } 


Age | Under} 1-5 |5—10} 10- | 15— | 20- | 25— | 30- | 35- | 40-| 45— |Over|N.S. 
group | I yr. 15 || 20 || 25] 30 | 35 | 40 | 45 4 50 Ise 


Cases 6 Suez Sonne deren ee ede eA ed SO MLO 


Table 2a 


SEX INCIDENCE AND MorrTatity [{X-DISEASE, CAMPBELL] 


Mortality 
Sex Male Female |N.S.| Total | Deaths percentage 
Cases 85 36 13 134 94 | Jo 


The oldest patient was sixty-eight. The age was not stated 
in 10 cases, 6 of whom were adults. ‘This analysis shows that 
infants and children under 5 years of age (nearly 50 percent 
of the total) were exceedingly prone to affection, and that 
after the age of 15 years susceptibility rapidly diminished.” 
There were, however, 34 cases in persons over 25 years of age. 

Mortality —‘‘Ninty-four patients died, 35 recovered com- 
pletely, and 5 recovered, but with subsequent paralysis (3 
cases), or signs of mental disorder (2 cases). In 85 of the 
fatal cases 59 were under 14 years of age, 12 under 2 years, 
and 4 under 1 year.” 

Period of Incubation—'Our experimental observations 
in this disease show that in monkeys and other animals there 
is a definite period of incubation (usually 5 to 12 days) ; it ts 
almost certain, therefore, that in the human subject there is 
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a corresponding period, but we have not sufficient data to fix 
its length.” 

Contagion.—Twenty-two instances of possible connection 
between cases, or of two or more cases in one family, are de- 
scribed. 

Reports for 1919-27.—The European form of epidemic en- 
cephalitis has apparently attracted little attention in Australia. 
Figures for the few cases reported in the literature as well as 


Table 3 


AGE, SEX AND SEASONAL INCIDENCE OF EPIDEMIC EN- 
CEPHALITIS IN AUSTRALIA, NEw ZEALAND AND THE SAMOAN 
ISLANDS, CASES REPORTED IN THE LITERATURE 


Sex A u 
Year |Total clit a ae 
Male] Female}1-9}10—-19]20-2.9|30-39|40-5 960-69] I | II| III} IV 
Austrjalia 
1919 | 2 Dp\fee a 17 (tors Tl ioeets | tees facies D). atey 
1920 | 3 I 2 2h Gra eee ee ea alee 
1921 I Til rare Tel vacate he gina oe Ne eae I 
1923 I dl «GP voir yA leds cad arora Ree Bee ze 
1925 I Looe seem | ec Td) Sayers «| liepatae tal ter chats area I 
N.S. ion ones A ee ats tactical (hice Baal Lace I 


Total | 10 6 4 ag pez 3 


R 
w 
Jw | 
wa 


New |Zeala|nd* 
191g | 11 8 3 Bad ee Wlsescas c 4 4 I I| 9] 1 


Samofan Isl|andst 
£922) 9 | 947 5 2 Tete OW ARREARS Sst mee alla 7 


* Rossiter, C. B. (R 264) reports 10 of these cases with 3 deaths. 
t Matheson, F. (M 166). 
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those for cases from New Zealand and the Samoan Islands 
are included in Table 3. 

The figures for deaths reported in Australia for the years 
1922 to 1927 are given in Table 4. 


Table 4 
EPIDEMIC ENCEPHALITIS, DEATHS REPORTED IN AUSTRALIA 
[1922-27] 
Year 1922 1923 1924 1925 1926 1927 
Deathsi.s 60 57 45 88 88 74 


From the League of Nations Monthly Epidemiological Report (R. E. 116, 
July, 1928). 


The figures for cases and deaths reported in New Zealand 
for the years 1920 to 1927 are given in Table 5. 


Table 5 


EPIDEMIC ENCEPHALITIS, CASES AND DEATHS REPORTED IN 
NEw ZEALAND [1920-27} 


Near 1920 | 1921 | 1922 | 1923 | 1924 | 1925 | 1926 | 1927 
Gasés dasa. ee). | 42! 23 36 36 30 24 42 37 
Deaghs Asgyied « eile -ayes 14 13 13 13 2 8 14 


From the League of Nations Monthly Epidemiological Report (R. E. 116, 
July, 1928). 


AFRICA 


Although no pronounced epidemic of encephalitis has been 
reported from Africa, isolated cases and small groups have 
been noted from time to time, since 1918, both in the states 


4 
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bordering on the Mediterranean and in the southern portion 
of the continent. 

In April, 1918, Ardin-Delteil (A 128) described a case of 
encephalitis lethargica in an army nurse, at Algiers. Another 
case was reported from the same locality at the same time. 

At a meeting of the British Medical Association in South 
Africa in March, 1919, Loeser (L 295) described five cases 
of “‘polio-encephalitis’ (three of them fatal) which had oc- 
curred during February and March. In April the same writer 
reported (L 293) two similar cases in Europeans, a little 
gitl and a boy of seventeen. The clinical features and the sec- 
tion in one autopsied case seemed to point undoubtedly to a 
diagnosis of a epidemic encephalitis. 

Butt (B 469) saw 13 cases among the native laborers in 
a gold mine in the Transvaal during the period from April 
to July, 1920. There were 12 deaths (92.3 percent). 

A review of the incidence of encephalitis lethargica in 
Morocco has been published by Pujol (P 224). According to 
this account, the first case, observed by Dr. Spéder, occurred 
in June, 1917. In November, 1918, Dr. Bouveret of Mogador 
saw a case in a European, recently returned from France. An- 
other case in Bondenif was also seen in 1918. In January, 
1919, a Franciscan father developed encephalitis soon after his 
atrival from France. This patient was reported by Pujol and 
Junquet from Bondenif. In all, thirty-three cases have been 
collected by Pujol. The largest group (21) was reported from 
Casablanca, where the first case occurred in 1921. Of the total 
number, five were ‘infants’; the ages of the others were be- 
tween 12 and 60 years. A fatal issue is described as “rare,” 
but the mortality figures are not given. 

In 1920, six cases were reported from Alexandria, Egypt. 
Three were seen by Valassopaulo (V 3). Three were reported 
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Table 1 


AGE, SEX AND SEASONAL INCIDENCE OF 20 CASES REPORTED 
IN THE LITERATURE [NORTH AFRICAN STATES} 


Sex Age group Quarter 

Year |Total Fe- I0-|20-|30-|40-|50— ; 

Male) male|N-S. 1929139149159 N.S.) I | IL | If) IVjN.S. 
Algerjia 
1918 I 56 ills aerate reel eel Bela ceeh esl egal cece a ae IL 
1919 | 5 4 5 else Alfie Ya ha al Me, he aU a ca ba 
T9208 |r a eae BS Ree hall ral Lema pec HAA | 
Total) 7 6 Reg feet) ADS eT acces | seM les ovaes| hy | Timi e sal 
Moro}cco 
HOG iN. Mad Alpe & Seesl|l) wea eS me wa hoy |B he eet BRN IB 
SHOES TL AWG Seals See P| Rec ies oi eels act fear meme Meee ey ce Ecieif) Ld eed 
TEN H| Ge I Bie Whew. we ee asl xpi es Sip seal Ee lees fine: 
EGZON 3 I OO ce oll soph | epee kcetecr 28 Hearne eau Fro. lewears 
Motalle 7, Bb 3 ot, Il ae | aol ee foe emcee wai og ali amele ey NT ys 
Egypjt 
1920 | 15 ee eer St EES Ac BERT rae es 
N.S. I Disa A ‘shows Piatra leseea|h Be ete laaeol ole ol Stee 8l ead loi) ooo oa I 
Total} 6 Se eee scien fee lI ears |cslerd ace Ne eal es fea Eval few I 
Grand 
Total} 20 | 14 4 ZEW rel en | 2 Pe eal yi 2 
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from the Military Hospital by Beretta (B 132) and by Gabri 
(G 3); 

Twenty cases reported in the literature from the North 
African states and 21 from South Africa have been grouped 
in Tables 1 and 2. 


Table 2 


AGE, SEX AND SEASONAL INCIDENCE OF 21 CASES REPORTED 
IN THE LITERATURE [SOUTH AFRICAN STATES} 


Sex Age group Quarter 
YOEENS | 0 | ee 
Male] Female] 1-9 |10-19|40-49|N.S.| I | II | III | IV |N:S. 


1918 I 1@ int enasiial Peter koto a9 1 le ou fp eS | eeckende| peck o= I 

1919] 7 6 I i EM eeaects 5 5 

1920 | 13 bY ism Gi oeedl lturina.dl (tanolo Gio oa 13 Saeed I 
Total] 21 | 20 I I I EE PTS S| tom 4) |e rales 


The figures given in Table 3 for the incidence of epidemic 
encephalitis on the continent of Africa have been taken from 
the Public Health Reports and the League of Nations Monthly 
Epidemiological Report. 
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Table 3 


INCIDENCE OF EPIDEMIC ENCEPHALITIS ON THE CONTINENT 
OF AFRICA [1920-27} 


State 1920 | 1921 | 1922] 1923 | 1924 | 1925 | 1926 |1927* 

French 

Protectorate 

jofMorocco: 7B \\ Gasesys| yeas ere Sees ee cwellae al an fol el earea 5 
JB SSC ise soerane Cases (0 beeen 12 | 7) 4 fo) I fr) 
ALU eee eee (GER yd eral [ture i Sane are ae fe) fo) fe) fe) 
Gyrenaica ye Cases i ee x naan ton Hts I ) oO Co) 
Southern....... (Cases tal cpesee |e Sera ois eye 4 I 
RH odestaisrecysicn Deaths | ream Gx ecte eas eee lose. my fc) 


* Algeria, through Apri!; Tunis, through March; Cyrenaica, through 
February. 


From the Public Health Reports and the League of Nations Monthly Epi- 
demiological Reports. 


SUMMARY OF INCIDENCE 


In reviewing the literature for this Survey a record was 
kept of all individual cases of epidemic encephalitis reported, 
under the following headings: place, date (of onset of ill- 
ness), age, sex, occupation, mortality, and relation to other 
cases. A total of 7,876 cases was reported although the data 
were not complete in every instance. Table III (Chart IIII) 
showing incidence by months has been based on this total. 
Of this number, too, a fatal outcome was noted in 3,980 cases, 
or a mortalitv rate of 50.53 percent. 
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In addition to these individual cases, groups of cases were 
reported by many authors. When these groups had been 
analysed in the original article to show part or all of the data 
mentioned above, the author’s figures were added in the appro- 
priate column in our analysis, and the cases in which the 
desired information was not given were included in the col- 
umn N. S. (not specified). In this way a total of 9,680 
cases, reported from all countries from which literature has 
been available for this Survey, has been collected. These have 
been analysed according to age, sex and seasonal incidence in 
Table IX. A similar table has been compiled for each country 
separately, and will be found under the appropriate section. 

In the absence of a uniform practice among the various 
countries in the reporting of cases of epidemic encephalitis, 
there is considerable uncertainty as to the true and complete 
record of incidence of this disease. In preparing Table X 
we have given as the year of greatest prevalence that one for 
each country for which we have found, either in official 
reports (OR) of cases or deaths, or in assembled reports of 
cases or deaths in medical literature (LR), with duplicates 
carefully eliminated, the largest number of cases (C) or deaths 
(D). Similarly the total incidence for the period stated in 
Table XI is given as it has been found, either of cases or 
deaths reported officially or in the literature. 
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